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ABSTRACT
THE FUNCTIONAL ROLE OF ASTERIAS VULGARIS 
VERRILL (1866) IN THREE SUBTIDAL COMMUNITIES
by
ALAN W. HULBERT 
U n iv e rs ity  o f  New Ham pshire, May, 1980
The fu n c t io n a l  r o le  o f  A s te r ia s  v u lg a r is  has been in v e s t ig a te d  
in  th r e e  s u b t id a l  com m unities a t  th e  I s l e s  o f  S h o a ls , New Ham pshire, 
U .S .A ., from 1975 to  1980. The th re e  comm unities a re  lo c a te d  a t  dep ths 
o f  8 m, 18 m, and 30 m along a  t r a n s e c t  from th e  i n t e r t i d a l  to  a dep th  
o f  35 m e te rs  on rocky s u b s t r a te  o f an exposed sh o re .
Components o f  th e  s tu d y  based  on i n - s i t u  o b s e rv a tio n s  in c lu d e d  
an a n a ly s is  o f  p o p u la tio n  s t r u c tu r e s ,  feed in g  b io lo g y , f lu x  r a t e s ,  
p re d a to rs  and n a tu r a l  h is to r y  o f A s te r ia s  v u lg a r i s  in  th e  3 com m unities. 
The feed in g  d a ta  shows a s e r i e s  o f  p rey  s p e c ia l i z a t io n s  by s iz e  such 
th a t  a  p ro g re s s io n  o f s p e c ia l i z a t io n s  on in c re a s in g ly  l a r g e r  p rey  seems 
to  be re q u ire d  f o r  th e  sp e c ie s  to  grow l a r g e r  ( i . e .  e c to p ro c ts  to  hydro ids 
to  sm all g a s tro p o d s  to  e ch in o id s  . . .  to  b iv a lv e s  f o r  th e  l a r g e s t  
in d iv id u a l s ) . The com m unities a t  8 m and 30 m c o n ta in  a  v a r ie ty  o f 
p rey  th a t  a re  u t i l i z e d ,  and norm ally  d i s t r i b u t e d  p o p u la tio n  s t r u c tu r e s  
o f a s te r o id s  a re  found . The m iddle community a t  18 m i s  anomalous in  
s e v e ra l  w ays; few er a s te r o id s  a re  fe ed in g  a t  18 m, a sm all sp e c ie s  o f 
L e p ta s te r ia s  i s  p re s e n t  in  h ig h  d e n s i t i e s  which may be a d i r e c t  com­
p e t i t o r  f o r  food as w e ll as  a  p re d a to r  upon A s te r ia s  v u lg a r i s , e s p e c ia l ly
I
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1a t  th e  m ost c r i t i c a l  sm all s i z e s ,  and th e  r e s u l t in g  p o p u la tio n  s t r u c tu r e  
i s  s tro n g ly  skewed to  v ery  sm all in d iv id u a ls ,  90% o f which a re  L e p ta s te r ia s  
sp . The g ia n t  A s te r ia s  v u lg a r i s , found on ly  a t  18 m fe e d  a lm ost e x c lu ­
s iv e ly  on la rg e  M odiolus m o d io lu s , and a re  p ro b ab ly  m ig ran ts  in to  th e  
community from d eep e r, s o f t - s u b s t r a t e  com m unities.
A s te r ia s  v u lg a r is  i s  a  g e n e r a l i s t  s p e c ie s  found in  a  wide range 
o f  com m unities, consuming th e  p rey  a v a i la b le  in  a  community in  r e l a t i o n  
to  i t s  s i z e - l im i te d  a b i l i t i e s .  I t s  r o le  in  th e  3 com m unities i s  n o t 
th a t  o f a  m ajor s t r u c tu r in g  o r  c o n tr o l l in g  f a c to r ,  b u t r a th e r  i t  i s  
i t s e l f  c o n tro l le d  by th e  c h a r a c t e r i s t i c s  o f  th e  community. Most o f  th e  
sp e c ie s  in  th e  low d iv e r s i ty  G ulf o f  Maine a re  o p p o r tu n is t ic  in  n a tu re  
and n o t co m p e titiv e  dom inants. T h e re fo re  concordance to  re c e n t community 
models i s  in  term s o f w hich community i s  more (8  m) o r  l e s s  (30 m) 
o p p o r tu n is t ic .  The 8 m community i s  a  sh a llo w  s u b t id a l  c o n tin u a tio n  
o f  the  i n t e r t i d a l  in to  a h ig h ly  p ro d u c tiv e  a lg a l  zone. The 30 m 
community i s  much more p h y s ic a l ly  s t a b l e ,  b u t has low er p ro d u c t iv i ty  
than  th e  sh a llo w e r a r e a s .  The 18 m community i s  t r a n s i t i o n a l  betw een 
th e  g e o g ra p h ic a lly  more e x te n s iv e  8 m and 30 m com m unities and i s  an 
a re a  o f e c o lo g ic a l  r e le a s e  f o r  some sp e c ie s  and s t r e s s  f o r  o th e r s .
The fu n c t io n a l  r o le  o f  A s te r ia s  v u lg a r is  in  th re e  a d ja c e n t sub­
t i d a l  com m unities showed d if f e r e n c e s  in  th e  fe e d in g  b io lo g y , p o p u la tio n  
s t r u c tu r e ,  and r a t e s  o f movement o f  t h i s  sp e c ie s  in  each community.
The observed  d if f e r e n c e s  in  th e  p o p u la tio n s  can be r e l a t e d  to  d if f e r e n c e s  
in  e c o lo g ic a l  a sp e c ts  o f  each  community. The im p o rtan t p o te n t i a l ly  
c o n tr o l l in g  f a c to r s  f o r  A s te r ia s  v u lg a r is  ap p ea r to  be : 1 . p h y s ic a l
d is tu rb a n c e  a t  8 m due to  tem p e ra tu re  changes and wave a c t io n ;  2 . 
d ec reased  food a v a i l a b i l i t y  a t  18 m due to  a L e p ta s te r ia s  sp . p re d a to r
x i i
I
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and co m p etito r e x ag g e ra tin g  low food p o te n t i a l ;  and 3 . d ec rea sed  p rim ary  
p ro d u c t iv i ty  a t  30 m, A s te r ia s  v u lg a r i s  i s  a fo ra g in g  p re d a to r  which 
ta k es  p rey  as  en co u n te red  and i t s  p o p u la tio n  s t r u c tu r e  and feed in g  
b io lo g y  r e f l e c t  a  dynamic e q u i l i b r i a  w ith  th e  community.
x i i i
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C o m p etitio n , p re d a t io n  and d is tu rb a n c e  have been w id e ly  used  
in  c o n s id e ra t io n s  o f  th e  im p o rta n t a sp e c ts  g o v ern ing  th e  s t r u c tu r e  o f 
v a r io u s  com m unities (B irk e la n d , 1970; Buss & Ja c k so n , 1979; C o n n e ll, 
1961a & b ; D ayton, 1970; Dayton e t  a l ,  1974; R o ll in g , 1973; Jack so n , 
1972, 1973, 1975; Lubchenco & Menge, 1978; Menge, 1976, 1978a & b ,
1979; Osman, 1978; Woodin, 1974, 1978). Community d iv e r s i t y  
in v a r ia b ly  becomes an a sp e c t o f  th e  l i t e r a t u r e  co ncern ing  th e s e  
p a ram ete rs  and s e v e ra l  a tte m p ts  have been made to  s y n th e s iz e  th e  
r e la t io n s h ip s  (C o n n e ll, 1972, 1976, 1978; P a in e , 1966, 1974; P ian k a , 
1966, 1974; S an d e rs , 19 6 8 ). Menge and S u th e rla n d  (1976) p roposed  a 
model s t a t i n g  th a t  in  system s o f low d i v e r s i t y ,  c o m p e titio n  would be 
an im p o rtan t s t r u c tu r in g  fo rc e  a t  th e  l e v e l  o f  p rim ary  space  o c c u p ie rs . 
In  a  system  w ith  g r e a te r  d i v e r s i t y ,  more tro p h ic  l e v e l s  a re  added 
and p re d a tio n  becomes an im p o rtan t a sp e c t o f  th e  com m unities. W ith 
s t i l l  g r e a te r  d iv e r s i ty  c o m p e titio n  ag a in  becomes an im p o rta n t a s p e c t ,  
b u t on ly  betw een th e  p re d a to rs  as  th ey  compete f o r  fo o d . The model 
would su g g es t t h a t  in  th e  low d iv e r s i t y  com m unities o f  th e  G ulf o f 
M aine, c o m p e titio n  a t  th e  p rim ary  space o c c u p ie r  l e v e l  sh o u ld  be th e  
most im p o rtan t s t r u c tu r in g  f o r c e .  Models p roposed  by C onnell (1976, 
1978), P a in e  and Vadas (1 9 6 9 ), and o th e rs  a tte m p t to  in c o rp o ra te  th e  
e f f e c t s  o f  d is tu rb a n c e , as  w e ll as p re d a tio n  and c o m p e titio n  on s p e c ie s  
d iv e r s i t y .  The m odels su g g es t an in te rm e d ia te  amount o f  d is tu rb a n c e
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i s  n e c e ssa ry  i f  th e  h ig h e s t  l e v e l  o f d iv e r s i ty  i s  to  be m a in ta in ed  o v er 
tim e . D is tu rb a n ce  m a in ta in s  a  m ix tu re  o f c o m p e titiv e  dom inants and 
c o lo n iz in g  sp e c ie s  w ith in  th e  com m unities. Too much, as w e ll as 
too  l i t t l e ,  d is tu rb a n c e  le a d s  to  a re d u c tio n  in  d iv e r s i ty  and e i t h e r  
c o lo n iz in g  sp e c ie s  o r  c o m p e titiv e  dom inan ts, r e s p e c t iv e ly ,  w i l l  
dom inate th e  system . Wiens (1977) has p o in te d  o u t th a t  c a re  must be 
e x e rc is e d  in  th e  a p p l ic a t io n  o f  d a ta  to  th e se  t h e o r e t i c a l  c o n s id e ra t io n s .  
S p e c if ic  r e s u l t s ,  f o r  example h ig h  food o v e r la p , can mean d ecreased  
co m p etitio n  in  th e  r e a l  w orld  in s te a d  o f th e  r e v e rs e  due to  a  r e le a s e  
from co m p e titiv e  p re s s u r e s .
Much has been w r i t t e n  abou t a s te r o id s  and th e  im p o rtan t e f f e c t s  
they  can have on b e n th ic  m arine com m unities. A la rg e  p a r t  o f  t h i s  
l i t e r a t u r e  d e a ls  w ith  th e  com m ercial im portance a s te r o id s  may have, 
e s p e c ia l ly  r e l a t i v e  to  t h e i r  d e s t r u c t iv e  p re d a to ry  e f f e c t s  on com m ercial 
o y s te r  beds (B urkenroad , 1946; G a l ts o f f  and L o o san o ff, 1939; L o o san o ff, 
1961, 1964; L oosanoff e t  a l ,  1955 ).
R ecent l i t e r a t u r e  has d e a l t  w ith  a s te r o id s  on a  more th e o r e t i c a l  
o r e c o lo g ic a l  l e v e l .  A s te ro id s  a re  o f te n  community dom inan ts , in  s i z e ,  
abundance, biom ass o r  im p ac t, and a re  o f te n  upper l e v e l  p re d a to r s  (F ed e r, 
1959, 1963, 1967; L andenberger, 1968; Mauzey e t  a l ,  1968; R o sen th a l and 
C hess, 1972 ). They have been shown to  have a m ajo r im pact on s t r u c tu r in g  
b e n th ic  com m unities (C o n n e ll, 1966; Dayton, 1970, 1972; Dayton e t  a l ,
1974, 1977; Menge, 1972, 1976, 1979; P a in e , 1966, 1969, 1974, 1976, 1977). 
The concep t o f  a "k ey sto n e  p re d a to r"  developed by P a in e  (1966) i s  based  
on th e  p re d a to ry  e f f e c t  o f P i s a s t e r  o c h ra c e u s . on i n t e r t i d a l  com m unities. 
E xperim en ta l m an ip u la tio n s  showed how P i s a s t e r  can have a g re a t  im pact 
on b e n th ic  com m unities by s e l e c t iv e ly  p rey in g  upon th e  most abundant p re y .
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m a in ta in in g  a  h ig h e r  d iv e r s i ty  by n o t a llo w in g  th e  com peitive  dom inants 
to  exclu d e  o th e r  s p e c ie s .  In  o th e r  g eo g rap h ic  l o c a l i t i e s  v a r io u s  w orkers 
have shown th e  e f f e c t s  o f a s te r o id s  on a  v a r ie ty  o f  m arine comm unities 
(A nnala, 1974; Dayton e t  a l ,  1974; Hancock, 1955, 1958, 1963, 1965, 1974; 
Keough & B u t le r ,  1979; Menge, 1979; M oitoza e t  a l ,  1979.
An organism  ad ap ts  to  i t s  t o t a l  environm ent (K inne, 1963) r a th e r  
than  to  any s p e c i f i c  f a c to r ,  such  as te m p e ra tu re . However, Hedgepeth 
(1957) and H a ll (1964) s t a t e  th a t  am bient tem p e ra tu re  i s  th e  s in g le  
most im p o rtan t f a c to r  in f lu e n c in g  th e  d i s t r i b u t i o n  and re p ro d u c tio n  o f 
m arine in v e r te b r a te s .  F eder and C h ris te n se n  (1966) s t a t e d  th a t  
tem p era tu re  to le ra n c e  i s  a  d e c is iv e  f a c to r  govern ing  th e  h o r iz o n ta l  
and v e r t i c a l  d i s t r i b u t io n  o f sea  s t a r s ,  a lth o u g h  a s  a group they  
ex p erien ce  th e  e n t i r e  range o f tem p e ra tu res  en co u n te red  in  th e  s e a .
L i t t l e  in fo rm a tio n  e x i s t s  on th e  eco logy  o f  N.W. A t la n t ic  
a s te r o id s .  The Ph.D. th e s i s  o f  Annala (1974) on A. v u lg a r is  fo ra g in g  
a c t i v i t y  and th e  pap ers  by Sm ith (1940) and Menge (1976, 1979), c o n s t i tu te  
the  b u lk  o f th e  l i t e r a t u r e .  A ll  o f  th e s e  re p o r te d  r e s u l t s  a re  fo r  rocky 
i n t e r t i d a l  a re a s  o n ly . In  th e  G ulf o f  Maine th e re  a re  o n ly  two dom inant 
sp e c ie s  o f  a s te r o id s  in  the  rocky i n t e r t i d a l ,  A s te r ia s  v u lg a r is  V e r r i l l  
(1866)^ and A s te r ia s  fo r b e s i  Desor (1848). The two s p e c ie s  o f  A s te r ia s  
a re  v e ry  s i m i l i a r  e c o lo g ic a l ly .  A. v u lg a r is  i s  a c o ld e r  w a te r  s p e c ie s  
g e n e ra lly  more abundant n o r th  o f  Cape Cod, and A. f o r b e s i  i s  a warmer 
w a ter sp e c ie s  more abundant to  th e  so u th . R e s t r ic te d  p o p u la tio n s  o f 
e i t h e r  s p e c ie s  can be found where lo c a l  c o n d itio n s  p e rm it from Newfound­
land  to  a t  l e a s t  V irg in ia . A. v u lg a r is  ten d s  to  be found deeper to
^ A s te r ia s  v u lg a r is  V e r r i l l  (1866) may be a ju n io r  synonym o f 
A s te r ia s  rubens L innaeus (1 758), (T o rto n ese , 1937, 1963).
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the  so u th  and A. f o r b e s i  i s  o f te n  found on ly  a t  sh a llo w  d ep th s  to  th e  
n o r th  (E rn s t ,  1967; G osner, 1971; Hyman, 1955; M iner, 1950; V e r r i l l ,  1866, 
1873). Huntsman and Sparks (1924) found th a t  A. f o r b e s i  cou ld  w ith ­
s tan d  h ig h e r  te m p e ra tu res  th an  A. v u lg a r is  and l a t e r  Smith (1940) showed 
th a t  A. v u lg a r is  r e g u la r ly  d ie s  when th e  tem p e ra tu re  i s  above 25°C.
Zinn (1937) found th a t  A. f o r b e s i  d id  n o t fe ed  below 5.2°C  in  th e  s p r in g ,  
a lthough  MacKenzie (1969) l a t e r  re p o r te d  t h a t  th e  r a t e  o f  fe ed in g  slowed 
s u b s ta n t i a l ly  in  co ld  w a te r (3°C) b u t th a t  th e  an im als  w ere s t i l l  fe e d in g .
Both s p e c ie s  feed  on s im i la r  b e n th ic  in v e r t e b r a te s ,  in c lu d in g  
b a rn a c le s ,  m u sse ls , u rc h in s , and g a s tro p o d s  as w e ll as a  number o f  o th e r  
sp ec ie s  (G a lts o f f  and L o o san o ff, 1939; Hancock, 1955, 1958, 1963, 1965, 
1974; Menge, 1979; p e rs o n a l o b s e rv a tio n s  AWH). A b e h a v io ra l  d if f e r e n c e  
e x i s t s  in  th a t  A. v u lg a r is  shows a w e ll developed escape  re sp o n se  to  
c o n tac t w ith  A. f o r b e s i  and in  f a c t  A. f o r b e s i  w i l l  chase  and p rey  upon 
i t s  congener.
C ro s s a s te r  papposus L innaeus (1780), a c ircu m b o rea l sun s t a r  
(Hancock, 1974; Hyman, 1955; Mauzey e t  a l . ,  1968; M iner, 1950; V e r r i l l ,  
1866) i s  commonly found in  d eep er (> 30 m) rocky  com m unities in  th e  
Gulf o f Maine (p e rso n a l o b se rv a tio n s  AWH). C ro s s a s te r  h as  been shown to  
a lso  p rey  upon o th e r  a s te r o id s  and in  f a c t  may s p e c ia l i z e  on A. v u lg a r i s  as 
i t s  p r e fe r r e d  food (Hancock, 1955, 1958, 1974; p e rs o n a l o b s e rv a tio n s  AWH).
Purpose
The purpose o f t h i s  s tu d y  was to  in v e s t ig a te  th e  fu n c t io n a l  
ro le  o f A. v u lg a r is  in  3 a d ja c e n t rocky s u b t id a l  com m unities. I  d e f in e  
the  fu n c t io n a l  r o le  s im i la r  to  th a t  o f  S u th e rlan d  (1978) as  th e  e f f e c t  
of t h i s  s p e c ie s  on th e  d i s t r i b u t io n  and abundance o f o th e r  sp e c ie s
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in  th e  community. The r o le  o f  A. v u lg a r i s  can th en  be c o n s id e re d  as  
i t s  r e l a t i v e  im portance  to  th e  o th e r  members o f  th e  community.
In  th e  s tu d y  I  an a ly zed  in  d e t a i l  th e  p o p u la tio n  s t r u c t u r e ,  
feed in g  b io lo g y  and p re d a to r -p re y  r e la t io n s h ip s  o f  A. v u lg a r is  in  th re e  
very  d i f f e r e n t  com m unities. The community com parisons were then  used  
in  a s c e r ta in in g  th e  fu n c t io n a l  r o le  o f  th e  a s t e r o id .  The ev idence  
was a ls o  used to  e v a lu a te  c u r r e n t  m odels o f  p re d a t io n ,  c o m p e titio n , 
and d is tu rb a n c e  in  th e  c o n te x t o f th e  f a c to r s  r e g u la t in g  A. v u lg a r is  
p o p u la tio n s  and th e  e f f e c t s  o f  th e  a s t e r o id  on th e  b e n th ic  com m unities.
The q u e s tio n s  asked  w ere : 1 . What a re  th e  p o p u la tio n  s t r u c tu r e s
and how perm anent a r e  th e y , f o r  a l l  o f  th e  a s te r o id  s p e c ie s  in  each 
community? 2 . What a re  th e  a s te r o id s  feed in g  on , to  what e x te n t ,  
and a re  any feed in g  s p e c ia l i z a t io n s  ( e i t h e r  b e h a v io ra l ,  m echan ica l o r  
by s iz e )  a p p a ren t in  each community? 3 . What a re  th e  p re d a to rs  o f  
A. v u lg a r is  and t h e i r  p o t e n t i a l  e f f e c t  on th e  a s te r o id  p o p u la tio n s?
I  c o n s id e re d  i t  e s p e c ia l ly  im p o rtan t to  in c lu d e  th e  f u l l  range  o f 
s iz e s  in  th e  a n a ly s e s . Many s tu d ie s  n e g le c t  th e  v e ry  sm all in d iv id u a ls  
and as a  r e s u l t  th e re  i s  a  b ig  gap in  o u r know ledge. S u b tid a l ly  
sm all in d iv id u a ls  make up th e  b u lk  o f th e  p o p u la tio n s  and in  many 
in s ta n c e s  appear to  be c r i t i c a l  (a  weak l in k )  to  th e  p o p u la tio n s  as  
w e ll as th e  com m unities. I  b e l ie v e  th e  c a r e f u l  c o n s id e ra t io n  o f th e  
e c o lo g ic a l  r o le  o f  th e  v ery  sm a ll (< .5  cm) a s te r o id s  i s  one o f  th e  
most s ig n i f i c a n t  and unique c o n tr ib u t io n s  o f  t h i s  s tu d y .





The s tu d y  was conducted  a t  th e  I s l e s  o f  S h o a ls , a  group of 
seven p r in c ip le  i s l a n d s ,  and many le d g e s , lo c a te d  10 k ilo m e te rs  o f f  
th e  c o a s t o f  New H am pshire, USA (F ig . I I - l ) .  The i s la n d s  a re  
g l a c i a l l y  eroded  g r a n i te  and th e  su rro u n d in g  bottom  i s  le v e l  sed im ented  
deeps and rocky  o u tc ro p s . The i s la n d s  p re s e n t  m assive  o u tc ro p s  and 
f a u l t s  a t  v a r io u s  s lo p e s  and a n g le s  to  th e  ocean .
A s in g le ,  perm anent t r a n s e c t  was e s ta b l i s h e d  in  Septem ber,
1975 ex ten d in g  from th e  i n t e r t i d a l  to  a  d ep th  o f  35 m e te rs  on th e  
exposed s o u th e a s te rn  s id e  o f  S ta r  I s la n d  a s  a c o n tin u a t io n  o f  th e  
Shoals M arine L ab o ra to ry  ( lo c a te d  on A ppledore I s la n d )  i n t e r t i d a l  
t r a n s e c t  #10 in to  th e  s u b t id a l  (See K ingsbury , 1976).
The s u b t id a l  s u b s t r a te  o f S ta r  I s la n d  i s  g r a n i t i c ,  m o stly  
in  th e  form o f la r g e  smooth expanses o f bed ro ck , b u t la r g e  o u tc ro p s , 
c re v ic e s ,  and b o u ld e rs  a re  common. The s lo p e  a v e rag e s  ap p ro x im a te ly  
10° to  a d ep th  o f 35m, b u t i s  q u i te  v a r ia b le  w ith  la r g e  s te p s  and 
f l a t s  common. Below 35m th e  bottom  c o n s is t s  o f  a  c o a rse  co b b le , sand 
and s h e l l  fragm ent m a tr ix  f r e q u e n t ly  e x h ib i t in g  .5m s ta n d in g  waves 
(see  B loom shield , 1975; F o w le r - B il l in g s , 1977; K ingsbury , 1976; and 
Nouak, 1971 fo r  more g e o lo g ic a l  d e t a i l s ) .
C u rre n ts  around th e  I s l e s  a r e  r e l a t i v e l y  s tro n g  and v a r ia b le .  
The c u r r e n ts  a re  a s s o c ia te d  w ith  th e  CCW r o t a t i o n  o f th e  G ulf o f  Maine
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F ig u re  I I - l .  Map o f th e  I s l e s  o f S h o a ls , N .H ., showing lo c a t io n  
o f th e  re s e a rc h  s i t e .
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gyre and th e  t i d e s ,  as  w e ll  as f r e s h  w a te r  ru n o f f  and w ind. Normandeau 
A s s o c ia te s ,  I n c .  (1974) who have done m ost o f  th e  oceanography around 
th e  I s l e s  o f  S h o a ls , have m easured c u r r e n ts  o f  .02m /sec. to  .5 m /sec .
(max = 1 k n o t ) . P e rso n a l o b s e rv a tio n s  in d ic a te  c u r r e n ts  o f  1 kno t 
a re  common w ith  sp r in g  t id e s  a t  th e  re s e a rc h  s i t e .
The G ulf o f  Maine i s  a  co m p ara tiv e ly  storm y and foggy a re a  
w ith  h ig h  winds and waves p o s s ib le  any tim e o f  th e  y e a r  and on v e ry  
s h o r t  n o t ic e  (se e  K ingsbury , 1976, f o r  a  rev iew  o f  th e  w eath er 
s t a t i s t i c s ) . The m id -w in te r  months a re  th e  m ost se v e re  w ith  g a le  
fo rc e  w inds common. The s o u th e a s te rn  p o in t  o f  S ta r  I s la n d ,  w here 
th e  s tu d y  was done, i s  th e  m ost exposed lo c a t io n  o f th e  I s l e s  o f 
S h o a ls . O ceanic s w e lls  g e n e ra te d  by o f f s h o re  sto rm s f e tc h  unimpeded 
a g a in s t  t h i s  sh o re  and im pact s t r o n g ly ,  even i f  th e  sto rm  p a sse s  w e ll 
o f f sh o re  (K ingsbury , 1976; p e rs o n a l o b s e rv a tio n s  AWH).
Communities
The i n t e r t i d a l  f l o r a  and fau n a  o f  th e  exposed a re a s  o f  S ta r  
I s la n d  a re  s im i la r  to  o th e r  exposed rocky  i n t e r t i d a l  a re a s  in  th e  G ulf 
o f M aine. The r e l a t i v e l y  g e n t le  s lo p e  and la rg e  s w e lls  c r e a te  a 
d i l a t e d  i n t e r t i d a l  re g io n . Ic e  cover and s c ra p in g  in  w in te r  a re  q u i te  
s e v e re . The w ell-know n i n t e r t i d a l  z o n a tio n  (C o n n e ll, 1972; H u tc h in s , 
1947; Lew is, 1964; Southw ard, 1958; S tephenson and S tephenson , 1972) 
o b ta in s .  Note t h a t  my d e f in i t i o n  o f z o n a tio n  comes from th a t  o f Chapman 
e t  a l  (1953); " d e f in i t e  b e l t s  which p o sse ss  h o r iz o n ta l  c o n t in u i ty  w ith  
w e ll marked upper and low er l i m i t s " .  B lu e -g reen  a lg a e  a re  found v e ry  
h ig h  in  th e  i n t e r t i d a l  w ith  b a rn a c le s  (B alanus b a la n o id e s ) s l i g h t l y  
low er and th e  m u sse l, M y tilu s  e d u l i s  below  th e  b a rn a c le s  in  th e  mid to
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low i n t e r t i d a l .  In  th e  low i n t e r t i d a l  a  v a r i e ty  o f  a lg a e  become dom inant 
in c lu d in g  Ascophyllum nodosum. Fucus v e s ic u lo s u s , G ig a r t in a  s t e l l a t a , 
and Chondrus c r i s p u s .
The i n t e r t i d a l  z o n a tio n  c o n tin u e s  in to  th e  s u b t id a l  a s  a  
s e r i e s  o f  com m unities d e l in e a te d  by d e p th . I  d e f in e  a  "community" 
a s  a  group o f c o -o c c u rr in g  in te r a c t in g  s p e c ie s  a t  a l l  t r o p h ic  l e v e l s  
in  a  p a r t i c u l a r  h a b i t a t  (p e r  D ayton, 1972).
S u b tid a l  zo n a tio n  i s  a  w orld  w ide phenomenon (G olikov &
S c a r la to ,  1973; G oreau, 1959; H a r r i s ,  1973; McLean, 1962) b u t th e  
c a u sa l f a c to r s  a re  n o t as w e ll  known as in  th e  i n t e r t i d a l  (see  C o n n e ll, 
1972 f o r  a  rev iew  o f  i n t e r t i d a l  dynam ics) and some co n tro v e rsy  e x i s t s  
concern ing  d e f in i t io n s  o f  z o n a tio n  (C lau sen , 1965; Daubenmire, 1966;
S ears  and W iltc e , 1975; W h itta k e r , 1956, 1970). At th e  t r a n s e c t  
lo c a t io n  on S ta r  I s la n d  th e  com m unities a re  d i f f e r e n t i a t e d  by sharp  
d i s c o n t in u i t i e s  w ith  d e p th . The d i f f e r e n c e s  betw een com m unities can 
be q u a n t i f ie d  using  two c r i t e r i a :  1 ) th e  p re sen ce  o r  absence o f s p e c ie s ,
o r  2 ) a  d if f e r e n c e  in  th e  com position  o f th e  s p e c ie s  p re s e n t  i f  th e se  
d i f f e r e n c e s  a re  s ig n i f i c a n t  and s ta b l e  o ver tim e . A number o f  sp e c ie s  
f a l l  in to  th e se  c a te g o r ie s .  F or exam ple, u rc h in s  a re  p re s e n t  in  a l l  
com m unities b u t th e  abundance and s iz e  s t r u c tu r e  th ey  e x h ib i t  d i f f e r  
c o n s id e ra b ly  w ith  dep th  and th e se  d i f f e r e n c e s  a re  m a in ta in ed  o v e r tim e . 
L am inaria  s e t t l e s  o u t on th e  s u b s t r a t e  to  a t  l e a s t  25 m, b u t r a r e ly  
can s u rv iv e  below 12 m e te rs  deptl^ p ro b ab ly  because  o f h e rb iv o re  
a c t i v i t y  (A. M athieson, p e rs o n a l  com m unication, p e rs o n a l o b s e rv a tio n s  AWH). 
A number o f  sp e c ie s  a re  unique to  d eep er d ep th s  (> 30m) in  th e  G ulf o f 
M aine. For example th e  a s t e r o id s ,  C ro s so s te r  p ap p asu s , H ip p a s te r ia  
phirygiana, P o ran ia  i n s i g n i s , P t e r a s t e r  m i l i t a r i s , and S te p h a n a s te r ia s
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a lb u la  a re  g e n e r a l ly  o n ly  found on h a rd  s u b s t r a te  below 30 m. A s te r ia s  
f o r b e s l  i s  u s u a l ly  o n ly  found above 10 m.
P h y s ic a l  f a c to r s  have been im p lic a te d  in  v a r io u s  schemes o f  
fa u n a l and f l o r a l  d i s t r i b u t i o n s  (C o n n e ll, 1972; C lausen , 1965;
Daubenm ire, 1966; S an d e rs , 1968; S e tc h e l ,  1922; W h itta k e r , 1970). A 
l i s t  o f  p o t e n t i a l  p h y s ic a l  f a c to r s  th a t  m ight a f f e c t  s u b t id a l  
com m unities in c lu d e  ; s u b s t r a t e ,  l i g h t ,  te m p e ra tu re , s a l i n i t y ,  and 
w a te r  movement. At th e  I s l e s  o f  S hoals l i g h t  i s  p robab ly  th e  most 
im p o rtan t f a c to r  b ecau se  o f  i t s  d i r e c t  a t te n u a t io n  e f f e c t  on th e  macro 
a lg a e  d ep th  d i s t r i b u t i o n  (N o ra ll ,  1976). T em perature v a r ie s  d ra m a tic a l ly  
o v e r th e  y e a r ,  b u t i t s  e f f e c t s  a re  a ls o  a t te n u a te d  w ith  dep th  (F ig . I I - 2  
& I I - 3 ;  N o r a l l ,  1976 ). W ater movement ( s u r f  and c u r re n ts )  i s  f a i r l y  
im p re ss iv e  a t  tim es (5m sea s  common, 15m n o t uncommon), b u t ag a in  th e se  
e f f e c t s  show a g ra d ie n t  w ith  d ep th . The r e s u l t  o f  th e  p h y s ic a l  f a c to r s  
i s  t h a t  sh a llo w  com m unities re c e iv e  more l i g h t  (N o ra ll ,  1976) and a re  
more p ro d u c tiv e , b u t  th e  o rgan ism s lo c a te d  th e re  must su rv iv e  h ig h ly  
v a r ia b le  c o n d i t io n s ,  w hereas deeper com m unities a re  more s t a b l e ,  b u t 
l e s s  p ro d u c tiv e . G olikov and S c a r la to  (1973) im p lic a te d  l i g h t  and 
tem p era tu re  a s  th e  m ost im p o rtan t f a c to r s  on s u b t id a l  com m unities 
and z o n a tio n , b u t th ey  d id  n o t e lu c id a te  th e  c a u s a l  f a c to r s .
Three re s e a rc h  s i t e s  were chosen f o r  in v e s t ig a t io n  a long  th e  
perm anent t r a n s e c t  a t  d ep th s  o f  8 m, 18 m and 30 m (Datum le v e l  = NHW).
The s i t e s  were chosen b ecause  th ey  were c o n s id e re d  r e p r e s e n ta t iv e  o f 
3 m ajor community zones found along  th e  t r a n s e c t .
The com m unities p re s e n t  a t  th e  th re e  s tu d y  s i t e s  can be b r i e f l y  
d e sc r ib e d  as  fo llo w s :
8 m community. The sh allow  community i s  e s s e n t i a l l y  a  c o n tin u a tio n
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of th e  i n t e r t i d a l  down in to  th e  sh a llo w  s u b t id a l .  The dom inant a lg a e  
a re  Chondrus c r is p u s  and L am inaria  s a c c h a r in a  as  w e ll as  a number o f 
ephem eral s p e c ie s .  The a lg a e  p ro v id e  th e  p h y s ic a l s t r u c tu r e  o f th e  
community and a  re fu g e  to  a  la rg e  number o f  o rgan ism s, in  term s o f 
p h y s ic a l  s h e l t e r  and a lso  as  su r fa c e  a re a  (secondary  s u b s t r a te )  f o r  
e n c ru s t in g  s p e c ie s  to  grow upon. The dom inant m a c ro in v e r te b ra te s  a re  
c rab s  (Cancer i r r o r a t u s , Cancer b o r e a l i s ,  and Cancinus m aenas) , lo b s te r  
(Homarus a m erica n u s ), u rc h in s  (S tro n g ly o c e n tro tu s  d ro e h b a c h ie n s is ) , 
a  la rg e  p re d a to ry  whelk (Buccinum undatum) , s e a  s t a r s  (A s te r ia s  v u l g a r i s , 
A s te r ia s  f o r b e s i , and H e n r ic ia  s a n g u in o le n ta ) and f i s h  (T au to g o lab ru s  
a d sp e rs u s , P su ed o p leu ro n ec tes  am ericanus) . P o p u la tio n  e s t im a te s  from 
10 m X Im band t r a n s e c t s  a re  g iven  in  T able I I - l  f o r  th e  dom inant 
in v e r te b r a te s  ex cep t f o r  th e  se a  s t a r s  th a t  a re  co n sid e red  in  d e t a i l  
below . The th ic k  a lg a l  co v erin g  p ro v id e s  a g re a t  d e a l o f  secondary  
s u b s t r a te  and the  a lg a e  i s  h e a v ily  e n c ru s te d  w ith  e p ifa u n a  (Bryozoans 
and S p iro rb is  s p p . ) .  The mat o f a lg a e  p ro v id es  p r o te c t io n  to  many sm all 
c ra b s , u rc h in s ,  am phipods, s n a i l s  and a s te r o id s  which u t i l i z e  i t  a s  a 
re fu g e . The 8 m community i s  h ig h ly  p ro d u c tiv e  com prising  la rg e  
numbers o f  in d iv id u a ls  w ith in  th e  th re e  d im ensional s t r u c tu r e  p ro v id ed  
by th e  a lg a l  canopy.
T ra n s i t io n  Zone. At ap p ro x im ate ly  12 m, th e  d ep th  v a r ie s  
s e a s o n a l ly , a sh arp  d is c o n t in u i ty  i s  found, d e fin e d  by th e  upper g ra z in g  
l im i t  o f  th e  u rc h in , S tro n g y lo c e n tro tu s  on th e  low er l im i t  o f  th e  
L am inaria  (see  P re n tic e  & K ain , 1976 f o r  a s im i la r  s i t u a t i o n ) . During 
w in te r  when th e  u rc h in s  a re  feed in g  in  h e rd s  (se e  S e a so n a lity  below) 
on th e  low er p o p u la tio n s  o f L am inaria  they  cause a  sharp  dem arcation  o f 
th e  end o f  th e  sh a llo w  a lg a l  zone in to  an a re a  dom inated by c ru s to s e
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c o r a l l in e  a lg a e .  The change o f  com m unities u s u a lly  o ccu rs  in  l e s s  
than  .5 m, b u t th e  d ep th  o f  th e  boundary changes s e a s o n a lly  as th e  
a lg ae  r e c r u i t  in  and th e  u rc h in s  change t h e i r  fo ra g in g  b e h av io r .
18 m community. From the  a b ru p t end o f  th e  e r e c t  a lg ae  a t  
12 m to  ap p ro x im a te ly  25 m th e  s u b s t r a te  i s  85% covered  by c ru s to s e  
c o r a l l in e  a lg a e . The h o rse  m u sse l. M odiolus m odiolus a rran g ed  in  
d i s c r e te  clum ps, o ccu p ies  th e  rem ain ing  15-20% o f th e  p rim ary  s u b s t r a te  
( J .  Witman, p e rs o n a l com m unication). Only two sp e c ie s  o f  e r e c t  a lg a e  
a re  commonly found , Agarum crib rosum  and P t i l o t a  s e r r a t a , b o th  o f  which 
a re  v e ry  low on th e  p re fe re n c e  h ie ra rc h y  as u rc h in  food so u rces  (H a rr is  
and H u lb e r t ,  in  p r e p a r a t io n ) .  Large u rc h in s ,  s n a i l s  and g ia n t  (< 20 cm) 
sea  s t a r s  a re  found on the  open s u b s t r a te  betw een m ussel clum ps. The 
M odiolus clumps them selves t r a p  sedim ent and th u s  p ro v id e  a  re fu g e  
( v i r t u a l ly  th e  on ly  re fu g e ) and secondary  s u b s t r a te  f o r  a wide range 
o f  in fa u n a l  and e p ifa u n a l  sp e c ie s  (T ab le  1 1 -2 ) . Sm all a s t e r o id s ,  
s n a i l s ,  u rc h in s  and many o th e r  sp e c ie s  u t i l i z e  th e  re fu g e  and th e  
M odiolus clumps become v e ry  complex th re e  d im en sio n a l com m unities.
30 m community. The 30 m s i t e  i s  r e p r e s e n ta t iv e  o f  a deeper 
s e s s i l e ,  su sp e n s io n -fe e d in g  community ( e s s e n t i a l l y  a fo u lin g  community, 
S u th e rlan d , 1974), w hich i s  common on deeper community s u b s t r a te s  in  
th e  G ulf o f  M aine. The deep community has a  h ig h  d e n s ity  and d iv e r s i ty  
o f  a t ta c h e d , su sp e n s io n -fe e d in g  forms ( e .g .  b ra c h io p o d s , c n id a r ia n s ,  
sponges and t u n i c a t e s ) . The s u b s t r a te  i s  covered  w ith  a  m a tr ix  o f  
p o ly ch ae te  tu b es  and s o f t  c o ra l  s to lo n s  which t r a p  and h o ld  d e t r i t u s  
p ro v id in g  a  th in  in fa u n a l  h a b i t a t  and secondary  s u b s t r a te  fo r  many 
sm all in v e r te b r a te s .  M odiolus clumps a re  s t i l l  p re s e n t  b u t they  ten d  
to  be much s m a lle r  and more c r y p t i c ,  such th a t  by 42 m th e re  a re  on ly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
i14
iH 0) >> 
iH 60 4J (B cd -H 
H M (0 





es o  r»O 00 I-)
0 . 0  o
rS 00 o  
O  0> iH
es es es
O  iH 
O  0 \  r4




r 4 s r  m
es es es
00m ON 00 
sr es
/-s \ \ /—s XS /—»
X es 00 rW es r» sr
W z fH rH rS w  w
3 N-/ s»»
3CO W (S_
a 43 E es sr es en en en3 3 O ON rH O'- O  iH





w W /—\ /-s /—\ /"S /- \ /-s
(U 3 Z es en en NO en en> 43 / m N^  '---
3 G •HM 3 es 3
U G es 00 3 es r~4J 3 O vO <H 3 rs «a- en






0 /—» y s •O /—\ XS XV
Z 00 ON en o  un en0) w --- iH N-' m rH rSÜ 3 3 vx vx
3 43 G 44
CO O es 3 OT3 44 G 44 ^  o  o w es en en3 U 3 3  sr o 44 un sr no3 O T3 . •  • 340 3 o 3 es rS en
< 3 30
G iH3 >ïH 3 OC
1 ft 3
W U 0M CJ w
3 440) 03 COr4
43 G 6 e  e3 G CO 6 G 00 c5












\0  en O  
en o  o  
o  o  o
<-
00 o  es o  o
O  
I o  I
00 n o
ON
o  o  o  





en O o  
* o  o
G G G 00 O  
00 iH en
(U (U dJ W K





o  o  o o  o  o













































O o 3vo K
r v 3
ON 3
/ —N iH W
3 44
00
W M l T3
3 3 |! 3iH 3
/ 4 4 |143
3 |
3 3 E
O O 44 rH





G cw O o  w
>W =î!= Il
g " 2
^  Z  (B 
(B W 
H *  .
4( -K 4-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T 15
T able  11-2 .^  Most Common I n v e r te b r a te s  A sso c ia ted  w ith  M odiolus clumps
2
S p ec ies  Mean #/m
M odiolus m odio lus 209
Ish n o c h ito n  a lb a  167
H ia t e l l a  a r c t i c a  100
Buccinum undatum 18
Acmaea t e s t u d i n a l i s  10
O n ch id o ris  fu s c a  6
O phiopholus a c u le a ta  786
A s te r ia s  v u lg a r is  218
S tro n g y lo c e n tro tu s  d ro e h b a c h ie n s is  80 
Cucumaria fro n d o sa  50
H e n ric ia  s a n g u in o le n ta  15
Amphipholus squam ata 5
P s o la s  f a b r i c i i  2
A m p h itr ite  spp . 61
P e c t in a r ia  g o u ld i i  23
N ere is  p e la g ic a  20
Lepadonotus squam atus 6
Harmathoe im b r ic a ta  6
Amphiporus a n g u la tu s  8
B o lte n ia  e c h in a ta  20
B o lte n ia  o v i f e r a  4
T o ta l X = 1809/m w ith in  
M odiolus clumps
1 2R e su lts  from 5 X 1 /4  m M odiolus clump sam ples
2
(Taken from : H u lb e rt e t  a l ,  1976)
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a few s c a t t e r e d ,  sm all in d iv id u a ls  in  c rack s  and c r e v ic e s .
B en th ic  f i s h  p re d a tio n  can be v ery  heavy d u rin g  summer and f a l l  
e s p e c ia l ly  from cunner and f lo u n d e r . E s tim a te s  o f  200 cunner p e r  
25 m  ^ a r e  n o t  uncommon and they  a re  v o ra c io u s  bottom  fe e d e r s ,  p ic k in g  
sm all i n v e r te b r a te s  d i r e c t l y  from th e  s u b s t r a t e .
Gut c o n te n ts  and f i e l d  o b s e rv a tio n s  o f  cu n n e r, f lo u n d e r , 
cod, haddock, e e l  p ou t and w o lf f is h  show th a t  a l l  a re  b e n th ic  in v e r te ­
b r a te  p re d a to rs  consuming la rg e  numbers o f  u rc h in s , b r i t t l e  s t a r s ,  
and worms (R ichard  L angton, NMFS, p e rso n a l com m unication, p e rso n a l 
o b s e rv a tio n s  AWH). S e v e ra l red  a lg a e  a re  found a t  30 m, m ostly  P t i l o t a , 
b u t th e y  a r e  n e a r  t h e i r  e x t in c t io n  d ep th  in  th e  G ulf o f  Maine and a re  
n o t community dom inan ts. As th e  a lg a e  become s p a r s e r  w ith  d e p th , 
th e  v e r t i c a l  com m unities ten d  to  come up on to  th e  h o r iz o n ta l  s u r f a c e s ,  
a lm ost in  a  d i r e c t  in v e rs e  r e l a t io n s h ip ,  p o s s ib ly  su g g e s tin g  an 
in te r f e r e n c e  e f f e c t  o f th e  a g la e  on v e r t i c a l  community s p e c ie s .  By 
35-42 m e te rs  in  th e  G ulf o f  Maine no macro a lg a e  a re  found (M ath ieson , 
1979;. S e a r s .& Cooper, 1978^p e rso n a l o b s e rv a tio n s  AWH). C o ra l l in e  a lg a e  
dom inates any open, rocky s u b s t r a te  sh a llo w e r th an  25 m. Deeper th ey  
no lo n g e r  dom inate p rim ary  s u b s t r a t e ,  a lth o u g h  they  a r e  s t i l l  p re s e n t 
u n d e rn e a th . They a re  re p la c e d  by th e  p o ly c h a e te  tu b e  -  s o f t  c o ra l  
m a tr ix  a s  th e  p rim ary  space o c c u p ie r . P r o d u c t iv i ty  a t  30 m i s  r e l a t i v e l y  
low compared to  th e  8 m sh a llo w  a lg a l  zone w ith  m ost o f  th e  energy  be ing  
im p o rted , b u t th e  p h y s ic a l  c o n d itio n s  a re  much more s t a b l e .  Many 
anim al sp e c ie s  a re  found o n ly  a t  30 m o r  d eep e r in  th e  G ulf o f  M aine.
The community has  a  h ig h e r  d iv e r s i ty  th an  8 m and 18 m because  o f  a 
la rg e  number o f  r a r e  s p e c ie s .
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S e a s o n a l i ty . There i s  marked s e a s o n a l i ty  in  b o th  th e  p h y s ic a l  
and b i o t i c  components o f  th e  com m unities.
P h y s ic a l S e a s o n a l i ty .
1) L ig h t ; The amount o f  l i g h t  re c e iv e d  by th e  com m unities 
i s  h ig h ly  v a r ia b le .  In  th e  summer when day le n g th  i s  lo n g e s t o f te n  
th e re  i s  a dense fog cover and th e  w a te r i s  q u i te  tu r b id  from p lan k to n .
In  th e  w in te r  and s p r in g  th e re  i s  no fog and th e  w a te r i s  q u i te  c le a r  
(18-25 m v i s i b i l i t y ) , b u t th e  day le n g th  i s  much s h o r te r  and storm s
a re  common. The s k ie s  a re  o f te n  o v e rc a s t  and th e  sea  i s  ro u g h , b o th  
o f which d e c rea se  th e  amount o f l i g h t  th a t  m ight be re c e iv e d  by a sub­
t i d a l  community (see  N o ra l l ,  1976).
2) S a l i n i t y ; S a l in i ty  ap p ears  to  be q u i te  c o n s ta n t ,  b o th  
th ro u g h o u t th e  w a te r column and s e a s o n a lly  a t  S ta r  I s la n d . S a l in i ty  
re a d in g s  a re  g e n e ra l ly  31%. y ear round , a lth o u g h  th ey  may be s l i g h t l y  
l e s s  d u rin g  a p e r io d  o f heavy r a in  o r  s tro n g  s p r in g  ru n o f f .
3) W ater movement: W ater movement due to  t i d a l  c u r re n ts  
and storm  su rg e  a re  b o th  h ig h ly  v a r ia b le  a t  S ta r  I s la n d . The amount 
of t i d a l  c u r re n t  ranges from  zero  to  g r e a te r  th an  1 k no t w ith  sp r in g  
t id e s  and u s u a lly  ex ten d s from  top  to  bottom . Storms a re  r e l a t i v e l y  
r a r e  d u rin g  th e  summer, and th e  norm d u rin g  f a l l ,  w in te r  and s p r in g , 
bu t g a le  fo rc e  w inds can occu r a lm ost in s ta n e o u s ly  a t  any tim e o f 
y ear and r e a d i ly  produce 8-12 m w aves. D uring w in te r  20 m waves
a re  r e g u la r ly  re p o r te d  in  th e  G ulf o f M aine. Thus th e  amount o f  w ater 
movement enco u n te red  by th e se  com m unities i s  s u b s ta n t i a l  and h ig h ly  
v a r i a b l e .
4) Tem perature : T em perature v a r ie s  s e a s o n a lly  and a ls o  v e r ­
t i c a l l y ,  (F ig . I I - 3 ) . There i s  a  c o n s id e ra b le  la g  tim e between
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  I I - 2 .  Annual tem p era tu re  range a t  8 m, 18 m, and 30 m 
a t  th e  re s e a rc h  s i t e .
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F ig u re  I I - 3 .  T em peratures a t  8 m, 18 m, and 30 m from November, 
1974 to  F eb ru a ry , 1980 a t  th e  re s e a rc h  s i t e .
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I
t e r r e s t r i a l  tem p e ra tu res  and th e  te m p e ra tu res  a t  th e  th r e e  s u b t id a l  
s i t e s  b u t th e  same se a so n a l p e r i o d i c i t i e s  a re  e x h ib i te d .  The su r fa c e  
and 8 m te m p e ra tu res  a re  v e ry  s im i la r  and q u i te  v a r i a b le ,  b e ing  th e  
warmest in  summer and c o ld e s t  in  w in te r .  A 21°C summer tem p e ra tu re  on 
one day can become a 12°C tem p e ra tu re  on th e  n e x t day due to  a  s tro n g  
wind o v e r tu rn in g  th e  w a te r column. The d eep e r w a te r  in  th e  G ulf o f  
Maine i s  r e l a t i v e l y  s ta b le  (2-6°C) y e a r  round and p ro v id e s  a  co ld  
w a te r tem p era tu re  s in k .  The su r fa c e  w a te rs  can warm up in  summer, 
b u t an o v e r tu rn  o f  th e  w a te r  column has th e  e f f e c t  o f  co o lin g  ev ery ­
th in g  down q u ic k ly  to  th e  d eep er w a te r te m p e ra tu re . In  w in te r  
we have had se a  ic e  form ing on our a p p a ra tu s  a t  8 m. The range o f 
tem p era tu re  d e c rea se s  (F ig . I I - 2 )  and th e  o v e r a l l  tem p e ra tu re  s t a b i l i t y ,  
(tem p, chan g e /tim e) in c re a s e s  as one goes below  8 m. O v e ra l l ,  th e  
tem p era tu re  i s  h ig h ly  v a r i a b le ,  b u t i t  becomes more s t a b l e  w ith  d ep th .
B io t ic  s e a s o n a l i t y . At S ta r  I s la n d  th e re  a re  b o th  w in te r  and 
summer g u i ld s  o f organism s (a  g u ild  i s  a group o f organism s a t  the  
same tro p h ic  l e v e l .  R oot, 1967; Menge and S u th e r la n d , 1976).
Snmmer. F is h , c ra b s , lo b s te r  and a s te r o id s  a re  a c t iv e  in  th e  
warmer months o f  th e  y e a r .  They g e n e ra lly  rep ro d u ce  in  th e  l a t e  sp r in g  
and fo rag e  a c t iv e ly  u n t i l  th e  w a ter c o o ls  down in  w in te r .  In  w in te r  
th e  f i s h  e i t h e r  h ib e rn a te  (cunner -  Green & F a rw e ll 1972) o r  presum ably 
m ig ra te  d e e p e r . A downward tendency has been observed  ev ery  f a l l  as  
w e ll as a  s e q u e n t ia l  deep to  shallow  ap pearance  o f f i s h  in  th e  s p r in g .
The c rab s  and lo b s te r  h ib e rn a te  o r  become in a c t iv e  and th e  a s te r o id s  
become in a c t iv e  a t  tem p e ra tu res  below abou t 4°C. Chondrus and many o th e r  
ephem eral a lg a e  grow e s p e c ia l ly  w e ll in  th e  warmer months as  do b e n th ic  
d ia tom s, w hich o f te n  a re  3-4  mm deep in  a s u r fa c e  la y e r  a t  th e  30 m 
community.
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W in te r» N ud ib ranchs, u rc h in s ,  e c to p r o c ts  and tu n ic a te s  a re  
th e  m ost obvious c o ld  w a te r a c t i v i s t s .  They u s u a l ly  rep roduce  in  th e  
w in te r  m onths. The n u d ib ran ch s and tu n ic a te s  a re  p re s e n t in  low 
numbers in  th e  warmer months b u t t h e i r  p o p u la tio n s  v i r t u a l l y  explode 
in  th e  w in te r .  The u rc h in s  change t h e i r  fo ra g in g  b e h av io r in  th e  
w in te r  (se e  Breen. & Mann, 1976, f o r  a  s im i la r  s i tu a t io n )  from a 
b e h av io r o f  h id in g  in  c re v ic e s  in  summer to  open fo rag in g  in  hugh 
packs on th e  upper s u r f a c e s .  A ll  s iz e s  o f  u rc h in s  (from 2-3  mm to  100- 
120 mm d iam e te r) v o ra c io u s ly  e a t  e v e ry th in g  in  t h e i r  p a th s  down to  
c o r a l l in e  a lg a e  and bedrock  in  w in te r .  The change in  u rc h in  b e h av io r 
c o in c id e s  w e ll  w ith  th e  d ec rea sed  a c t i v i t y  o f t h e i r  m ajor p re d a to r s ;  
f i s h ,  c rab s  and lo b s t e r .  The la rg e  brown k e lp s  L am inaria  and Agarum 
grow w e ll in  th e  c o ld e r  m onths.
Summary o f  S i te  D e sc r ip tio n s
The s tu d y  was done a t  an o f f s h o re ,  r e l a t i v e l y  p r i s t i n e  lo c a t io n  
which e x h ib i te d  a la rg e  amount o f  p h y s ic a l  and b i o t i c ,  tem poral and 
s p a t i a l  h e te r o g e n e i ty .  Three perm anent re s e a rc h  s i t e s  w ere e s ta b l is h e d  
a t  8 , 18, and 30 m d ep th s  a long  a  s in g le  t r a n s e c t .  The s i t e s  were 
r e p r e s e n ta t iv e  o f a sh a llo w  a lg a l  dom inated community, a  deep s e s s i l e -  
su sp en sio n  fe e d e r  dom inated community and a t r a n s i t i o n a l  area, betw een 
th e  2 more g e o g ra p h ic a lly  e x te n s iv e  areag, dom inated by M odiolus clumps 
I and c ru s to s e  c o r a l l in e  a lg a e . The p h y s ic a l  f a c to r s  o f l i g h t ,  tem p era tu re
I  and wave a c t io n  a l l  d e c rea se  w ith  d e p th . F ig u re  I I - 4  summarizes th e se
I
I  com m unities.
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F ig u re  I I - 4 .  A r t i s t ' s  r e n d i t io n  o f th e  th re e  s u b t id a l  com m unities 
a t  th e  I s l e s  o f S h o a ls , N.H.






























A ll a s te r o id s  were sam pled a t  th e  3 re s e a rc h  s i t e s  to  
o b ta in  in fo rm a tio n  on abundances, d i e t s ,  s i z e s ,  p o p u la tio n  f lu x  r a t e s ,  
la irv a l r e c ru itm e n t,  and p re d a to ry  a c t i v i t i e s .  A ll s u b t id a l  o b se rv a ­
t io n s  were made u sin g  SCUBA and on ly  h o r iz o n ta l  rocky s u r fa c e s  were 
c o n s id e re d . Whenever p o s s ib ly  a l l  3 s i t e s  were sam pled on th e  same 
day to  m inim ize e x tra n eo u s  v a r ia b le s .
1 . P o p u la tio n  s t r u c tu r e
Data on th e  s iz e  and abundance o f a l l  a s te r o id s  were c o l le c te d  
2 2u t i l i z i n g  d is r u p t iv e  .25m and Im q u a d ra ts  and 10m X Im band t r a n s e c t s .
2 2P h o to g rap h ic  .25m and .Im q u a d ra ts  were a ls o  tak en  u t i l i z i n g  an
2
underw ater quadrapod system . The .25m d is r u p t iv e  q u a d ra ts  w ere th e  
main sam pling u n i t s  f o r  a l l  s i z e s  o f  a s t e r o id s .  The 10m t r a n s e c t s  were 
used to  more a c c u ra te ly  e s t im a te  th e  l a r g e r  in d iv id u a l s . Only in d iv i ­
d u a ls  g r e a te r  th an  3 cm were used  in  th e  t r a n s e c t  a n a ly s i s .  The q u ad ra t 
and t r a n s e c t  were deployed in  a  haphazard  manner by a  swim and to s s  
m ethod. The te ch n iq u e  was used r a th e r  th an  a t r u e  random tech n iq u e  
because  o f bottom  tim e c o n s id e ra t io n s  and th e  need to  maximize d a ta  
p e r u n i t  e f f o r t .  A s te ro id s  were m easured from th e  t i p  o f  th e  lo n g e s t  
arm and a c ro ss  th e  d is c  to  th e  o p p o s ite  i n t e r r a d i i ,  a  method n e c e s s i ta te d  
by many sm all (2 to  3 mm) in d iv id u a ls  and a  la rg e  number o f  re g e n e ra tin g  
arm s. I  c o n s id e r  th e  lo n g e s t  arm to  be m ost r e p r e s e n ta t iv e  o f  th e  t ru e  
s iz e  o f  th e  an im al. The m easuring  m ethod, n e c e s sa ry  f o r  th e  sm all and
26
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re g e n e ra tin g  in d iv id u a ls ,  was s ta n d a rd iz e d  to  a l l  in d iv id u a ls .  Biomass 
e s tim a te s  were o b ta in e d  by u t i l i z i n g  a  random c o l le c t io n  o f  150 in d iv i ­
d u a ls  in  a  range o f  s iz e s  from s m a lle s t  to  l a r g e s t ,  m easuring  b lo t te d  
wet w e ig h t, and th en  f i t t i n g  a r e g re s s io n  l in e  to  th e  d a ta .  The more 
e a s i ly  m easured s iz e s  cou ld  th en  r e a d i ly  be ex p re ssed  as  biom ass by 
using  th e  re g re s s io n  e q u a tio n .
Throughout th e  s tu d y  a number o f  sm all (< .5  cm) a s te r o id s  
were c o l le c te d ,  e s p e c ia l ly  a t  18 m. Taxonomic f e a tu r e s  f o r  i d e n t i f i c a ­
t io n  o f sm all a s te r o id s  a re  d i f f i c u l t  a t  b e s t ,  l a r g e ly  because  w ith  
grow th, new s p in e s ,  p ap p u lae , tube  f e e t  e t c .  a re  added. For example 
A. v u lg a r is  adds th e  t h i r d  and f o r th  rows o f tu b e  f e e t  betw een th e  f i r s t  
and second rows a t  .4  to  .5 cm. For la c k  o f any ev idence  to  th e  con­
t r a r y  th e  sm all a s te r o id s  w ere c o n sid e red  A. v u l g a r i s . I t  became 
ap p aren t in  th e  w in te r  th a t  a t  l e a s t  some in d iv id u a ls  were d ec id ed ly  
no t A. v u lg a r is  because they  began b rood ing  em bryos, and th i s  sp e c ie s  
i s  a  b ro a d c a s t spaw ner. Subsequent in v e s t ig a t io n  re v e a le d  a sp e c ie s  
o f L e p ta s te r ia s  th a t  i s  s im i la r  to  L e p ta s te r ia s  l i t e r a l i s , b u t has s e v e ra l  
c o n se rv a tiv e  t r a i t s .  In  th e  rem ainder o f  t h i s  p ap e r th e  sp e c ie s  i s  con­
s id e re d  to  be L e p ta s te r ia s  s p . E c o lo g ic a lly  t h i s  sp e c ie s  ap p ears  v e ry  
s im i la r  to  sm all A. v u lg a r is  w ith  th e  re p ro d u c tiv e  s t r a te g y  d if f e r e n c e  
no ted  above. L e p ta s te r ia s  s p . i s  g e n e ra l ly  < .8  cm s iz e  (1 .1  cm max a t  
t r a n s e c t ) , b roods from e a r ly  December to  l a t e  March and makes up < 1% 
o f th e  p o p u la tio n  a t  8 m and 30 m, b u t > 90% a t  18 m. I  have developed 
a  s u i t e  o f  c h a ra c te rs  to  d is t in g u is h  th e  two s p e c ie s ,  b u t th e  s i m i l a r i t i e s  
o f < .5  cm in d iv id u a ls  a re  such th a t  d e f in i t i v e  c l a s s i f i c a t i o n  i s  
im p o ssib le  u n le s s  th ey  a re  b ro o d in g . For t h i s  re a so n  I  have c o n sid e red  
A. v u lg a r is  and L e p ta s te r ia s  sp . to g e th e r  in  m ost a n a ly s e s , u n le ss
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o th e rw ise  s t a t e d ,  to  a llo w  th e  b e s t  q u n a t i f i c a t io n  o f  th e  d a ta .  The
re a d e r  may th en  use th e  above p ro p o r tio n s  to  o b ta in  sp e c ie s  s p e c i f ic
p o p u la tio n  e s t im a te s .  The two s p e c ie s  a re  s p e c i f i c a l l y  c o n sid e re d
2
to g e th e r  in  th e  .25m q u a d ra t s iz e  and abundance r e s u l t s .
A reas th a t  d i f f e r e d  in  lo c a t io n  o r  exposure  were sampled 
f o r  com parative p o p u la tio n  e s t im a te s  on a o n e-tim e  b a s i s ,  a t  th e  same 
dep ths as  th e  t r a n s e c t  lo c a t io n s .  The a re a s  in c lu d e d ; 1) G osport
I  H arbor: The h a rb o r on th e  p ro te c te d  s id e  o f  S ta r  I s la n d  was sampled
k to  compare th e  e f f e c t s  o f  exposure  and s o f t  s u b s t r a te  (F ig . I I - l ) .
;
f; 2) M alaga G ut: An exposed , rocky lo c a t io n  on th e  NE s id e  o f  th e
I i s la n d  was sam pled f o r  p o t e n t i a l  d i f f e r e n c e s  (F ig . I I - l ) .  3) J e f f r i e s
Ledge: An o f f s h o re ,  v e ry  exposed p r i s t i n e  a re a  th a t  comes up from a
s o f t  bottom  a t  125 m. was sam pled. The a re a  i s  lo c a te d  a t  th e  so u th
Î c e n t r a l  p o r t io n  o f J e f f r i e s  Ledge a t  a p in n a c le  c a l le d  P idgeon H i l l ,
[:
lo c a te d  37 k ilo m e te rs  o f f  Cape Ann, M ass. (L a t. 42° 4 6 .5 ' N, Long. 70° 
I 1 4 .5 ' W). 4) Nubble L ig h t ,  M aine: An in s h o re  exposed lo c a t io n  was
! sampled f o r  com parison w ith  th e  o f f s h o re  t m a s e c t  lo c a t io n s .
[ 2. Feeding A c t iv i ty
[ A. v u lg a r is  was th e  m ost common a s t e r o id .  I t  feed s  m ain ly  by
rt e v e r tin g  th e  stom ach and e x t r a o r a l ly  envelop ing  th e  p re y . Damage to
If th e  p rey  can u s u a lly  be r e a d i ly  determ ined  and fe e d in g  by A s te r ia s
IÊ a s c e r ta in e d . Feeding d a ta  was o b ta in e d  i n - s i t u  by o b serv in g  each
I a s te r o id  en co u n te red , i t s  fe e d in g  s t a t e ,  th e  p re y , and th e  s iz e  o f  th e
a s te r o id .  For r a r e  sp e c ie s  o f  a s t e r o id s ,  fe e d in g  d a ta  were reco rd ed  
whenever they  were en co u n te red  th ro u g h o u t th e  s tu d y . The d a ta  were 
reco rd ed  on an underw ater c lip b o a rd  w ith  p a p e r , o r  on an underw ater
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ta p e  re c o rd e r  developed f o r  th e  p u rp o se . For a s te r o id s  l e s s  th a n  1 cm 
a d i f f e r e n t  tech n iq u e  was used  due to  a  la c k  o f  r e s o lu t io n  o f  t h e i r  
p rey  in  th e  f i e l d .  Sm all a s te r o id s  were c o l l e c te d ,  as  en co u n te re d , 
p u t in d iv id u a l ly  in to  c le a n  v i a l s  w ith  fo rc e p s  and l a t e r  examined under 
a  m icroscope f o r  p rey  rem a in s . The p rey  u s u a l ly  had h a rd  p a r t s  and 
i d e n t i f i c a t i o n  was p o s i t i v e .  In  t h i s  manner I  o b ta in e d  d a ta  on d i e t ,  
p re d a to ry  b e h a v io r , p rey  s e l e c t io n  and s iz e  o f  th e  a s te r o id s  th a t  were 
feed in g  in  a l l  th r e e  com m unities .
The methods have been  shown to  have some b ia s  (P e te rso n  
and B rad ley , 1978) due to  th e  s i z e  o f  p rey  and th e  tim e i t  m ight ta k e  
a  p re d a to r  to  consume i t .  B a s ic a l ly  th e  method u n d e re s tim a te s  r a p id ly  
consumed p re y . I  c o n s id e r  th e  b ia s  to  be m inor in  t h i s  c a s e , s in c e  
com parisons betw een th e  th r e e  com m unities were done w ith  th e  same 
te c h n iq u e s . I  am c o n f id e n t t h a t  I  am p re s e n tin g  an a c c u ra te  p ic tu r e
o f  a s te r o id  fe e d in g . The m ethods have been used  by many o th e r  w orkersI
b
i (B irk e la n d , 1974; Mauzey e t  a l ,  1968; Menge, 1979; P a in e , 1966) and
I
i t  i s  im p o rtan t to  have com parable d a ta .
r
3 . F lux  R ates
The a v a i la b le  d a ta  on a s te r o id  m ig ra tio n  v a r i e s  g r e a t ly  from 
m ile s  p e r  y e a r  to  no movement a t  a l l  (se e  F eder and C h r is te n se n , 1966 
f o r  a  p a r t i a l  re v ie w ). In fo rm a tio n  on th e  permanency o f  th e  th re e  
p o p u la tio n s  o f  a s te r o id s  and th e  r e l a t i v e  amounts o f  movement were
y .:
c o n sid e re d  e s s e n t i a l  a sp e c ts  o f  th e  s tu d y . A s te ro id s  were tagged  
u t i l i z i n g  n e u t r a l  re d  and m eth y l b lu e  c h lo r id e  dyes c o n c e n tra te d  to  a
b
p a s t e - l i k e  c o n s is te n c y , s im i la r  to  t h a t  used  by Sebens (1976) and F eder
S
(1959, 1970). Tagging was accom plished  by d ip p in g  arms in to  th e  dyes
I
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and b lo t t i n g  f o r  s e v e ra l  m inu tes b e fo re  r e tu rn in g  them to  sea  w a te r .
The p ro ced u re  a llow ed  numerous com binations o f red  and b lu e  arms f o r  
coding p u rp o se s . The te ch n iq u e  worked w e ll  f o r  a s te r o id s  and l a s t e d  
a t  l e a s t  6 months in  th e  tu b e  f e e t  and am b u lacra l groove a r e a ,  and i t  
d id  n o t ap p ear to  e f f e c t  th e  a n im a ls . Two ty p es  o f  ta g  and re c a p tu re  
s tu d ie s  w ere accom plished .
Experim ent #1: A pproxim ately 100 a s te r o id s  in  a  ran g e  o f s iz e s  were
c o l le c te d  from th e  th re e  lo c a t io n s ,  dyed w ith  a d e s c r ip t iv e  code o f  
re d  and b lu e  arm s, and re tu rn e d  to  t h e i r  i n i t i a l  lo c a t io n s  where th ey  
were re le a s e d  from a s p e c i f i c  p o in t .  On su cceed ing  days tagged  
in d iv id u a ls  w ere m on ito red  f o r  r a t e  o f  movement, d i r e c t i o n a l i t y  o f  
movement, and s iz e  o f th e  a s te r o id  r e l a t i v e  to  i t s  movement. The 
a s te r o id s  were observed  on co n se c u tiv e  days a f t e r  r e le a s e  and l e f t  
where they  w ere found. An averag e  r a t e  o f  t r a v e l  o ver s e v e ra l  days 
was determ ined  w hich I  c o n s id e r  more a c c u ra te  than  one day e s t im a te s .
The p ro ced u res  were conducted  s im u lta n eo u s ly  a t  a l l  th r e e  lo c a t io n s  
to  a llow  com parison o f th e  r e s u l t s .  Two r e p l i c a t io n s  o f  t h i s  experim en t 
were done. A s te ro id s  were tagged  and r e le a s e d  on 17 J u l y ,  1978 and 
m onito red  on 18, 19, 21, 23, and 26 J u ly .  The experim en t was re p e a te d  
w ith  a s te r o id s  tagged  and r e le a s e d  on 12 Ju n e , 1979 and m onito red  on 
13, 14, 15 , 19, 21 Ju n e .
Experim ent #2 : On 12 Ju n e , 1979 a s te r o id s  from 8m w ere tagged  and
approx im ate ly  100 were t r a n s p la n te d  to  18 m and 30 m. The t r a n s p la n t s  
were observed  on 13, 14, 15, 19 , 21 Ju n e , b u t due to  l o g i s t i c a l  
c o n s id e ra tio n s  ( i . e .  no decom pression l im i t a t i o n s )  on ly  q u a l i t a t i v e  
d a ta  were o b ta in e d  from t h i s  ex p erim en t.
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B The ta g g in g  ex p erim en ts  were designed  to  p ro v id e  in fo rm a tio n
I  on th e  amount and d i r e c t i o n a l i t y  o f  a s te r o id  movement in  each  community
I and by t r a n s p la n t a t io n ,  th e  community imposed (o r  en v iro n m en ta l) e x te n t
I  o f  th e  movement.
I  4 . Cages
PI :  Caging ex p erim en ts  p ro v id e  an o p p o rtu n ity  to  a l t e r  th e  n a tu r a l
II  b a lan ce  o f a community by adding  o r  s u b s t r a c t in g  known components
fe;
I in  a c o n tr o l le d  m anner. Cages have been used s u c c e s s fu l ly  in  th e  i n t e r -
I
( t i d a l  and th e  a p p l ic a t io n  o f  th e  m ethodology to  th e  s u b t id a l  seemed
S tr a ig h t  fo rw ard . For a  v a l id  experim en t I  b e lie v e d  th a t  in  c o n s id e ra tio n
o f th e  s i z e ,  m o b il i ty  and p a tc h in e s s  o f th e  community com ponents, a  cage
2
s iz e  o f  a t  l e a s t  .25m was n e c e s sa ry . For exam ple, m ussels can be 8-10
cm, u rc h in s  7-8  cm, s n a i l s  7-8 cm, c rab s  10 cm, a  m odiolus clump i s
2
u s u a lly  a t  l e a s t  .25m in  s u r fa c e  a re a  and th e  a lg a e  a re  o f te n  30 cm 
o r  more in  h e ig h t  depending on th e  s p e c ie s .  To m inim ize p h y s ic a l 
in te r f e r e n c e  in  th e  community la r g e  cages a re  o p tim a l f o r  th e  ex p erim en ts . 
U n fo rtu n a te ly  la r g e  cages a re  d i f f i c u l t  to  s ec u re  in  exposed lo c a t io n s  
w ith  g r a n i te  s u b s t r a t e .  An ex p e rim en ta l d e s ig n  f o r  an a s te r o id  e x c lu s io n  
caging  experim en t was th u s  s e t  up as  fo llo w s :
I rsa tm e n ls .
C o n tro l
Cage e f f e c t  c o n tro l





I  Four ex p erim en ts  were a tte m p te d : 1) Im^ (x 40 cm h igh ) cages and
a p p ro p r ia te  c o n tro ls  were s e t  up in  Septem ber, 1975 u sin g  f a b r ic a te d
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cement b lo ck s  (4 x  20 k ilo g ram s/c ag e ) and ropes to  h o ld  down th e  a r ra y .
The cages were t o t a l l y  d e s tro y ed  d u rin g  th e  w in te r  and most have n ev er
2
been found . 2) 0.5m (x 30 cm h ig h ) cages were s e t  up in  O c to b er, 1976
in  th e  p ro p e r arrangem en t, u s in g  s l i g h t l y  p ro te c te d  m ic ro h a b i ta ts ,  cement
b lo ck s  and ropes f o r  a tta ch m e n t. The cages su rv iv e d  b e t t e r  th an  th e
p receed in g  y e a r , b u t th ey  were moved around s u f f i c i e n t l y  enough to
damage th e  b e n th ic  comm unities b e in g  s tu d ie d ,  and h a l f  o f th e  cages
were ag a in  l o s t .  3) A t h i r d  a tte m p t a t  th e  same ex p e rim en ta l d e sig n
2
was s e t  up in  O ctober, 1977, u t i l i z i n g  .25m (x 15 cm h ig h ) cag es . 
U nderw ater cement was used  to  a t t a c h  e y e b o lts  in  c re v ic e s  and th e  cages 
were t i e d  down to  th e  e y e b o lts  u s in g  r e s i l i e n t  dacron  lo b s te r  p o t l i n e .
In  F eb ru a ry , 1978 th e  G ulf o f  Maine ex p e rien ced  a once in  a  hundred 
y e a rs  w in te r  h u r r ic a n e ,  com plete w ith  35 m sea s  and a s s o c ia te d  " s t r e s s " .
3
The r e s u l t  was th a t  th e  su rg e  was a b le  to  move b o u ld e rs  o f  o v e r 1 m . 
I n c re d ib ly ,  a l l  o f  th e  cages were in  p la c e  a f t e r  th e  s to rm , b u t th e  
w ire  mesh was s t r ip p e d  from th e  m e ta l fram es, le a v in g  a b a re  framework 
where an e x c lu s io n  cage had been . 4) The cages and c o n tro ls  from a tte m p t 
#3 were r e b u i l t  and re p la c e d  in  th e  summer o f  1978. The cages have 
su rv iv ed  to  d a te , b u t th e  r e s u l t s  a re  d i f f i c u l t  to  i n t e r p r e t .  L i t t l e  
i f  any community d if f e r e n c e  cou ld  be a t t r i b u t e d  to  th e  ex p e rim en ta l 
e x c lu s io n  cag es . Sm all f i s h ,  c ra b s  and a  number o f  o th e r  sp e c ie s  
u t i l i z e d  th e  cages as a  n u rs e ry , r a th e r  th a n  be in g  excluded  from th e  
a re a s  u n d ern ea th . I  b e lie v e d  some r e s i l i e n c e  was n e c e ssa ry  in  th e  
system  o f ropes and fram es so th a t  some wave im pact could  be ab so rb ed , 
r a th e r  than  d e s tro y in g  th e  c ag e s . The f l e x i b i l i t y  o f  th e  system  
p robab ly  a llow ed  e n try  to  th e  sm a ll an im als found in  th e  cag es ; a lth o u g h  
a w ire  s k i r t  was used to  p re v e n t a c c e s s , p o s s ib ly  th e  s k i r t  was too  r i g i d .
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Ephemeral a lg a e  s e t t l e d  o u t on top  o f th e  cages and su rv iv e d  much lo n g e r
than  th e  same sp e c ie s  on th e  su rro u n d in g  b e n th o s , b u t e v e n tu a lly  sm all
h e rm it c rab s  and s n a i l s  c le a n e d  th e  a lg a e  from th e  cag es .
To summarize my cag ing  e x p e rim en ts , much e f f o r t  was expended
and no r e l i a b l e  r e s u l t s  w ere o b ta in e d . I  f e e l  an a re a  o f  a t  l e a s t  
2
.25 m m ust be in c lu d e d  in  a  cag ing  d e sig n  f o r  th e se  com m unities. A
system  o f u n derw ater cem ent, p i to n s  and rope  w i l l  work to  h o ld  them 
in  p la c e , b u t a f t e r  o b se rv in g  th e  c a g e 's  e f f e c t  as a  n u rs e ry ,  in  
damaging th e  com m unities be in g  o b serv ed , and g e n e ra l ly  be in g  u n r e l ia b le ,  
I  I  would su g g es t th a t  f o r  exposed rocky a re a s  cag ing  experim en ts  a re
I p robab ly  n o t th e  most e f f i c i e n t  ex p e rim en ta l method to  u t i l i z e  and
r e s u l t s  from such s tu d ie s  must be c a r e f u l ly  in te r p r e te d .
5 . P re d a tio n  E f fe c ts  on A. v u lg a r is
F ie ld  o b se rv a tio n s  and la b o ra to ry  t e s t s  and o b se rv a tio n s  were 
conducted on p re d a to rs  o f  A. v u l g a r i s . L ab o ra to ry  t e s t s  w ere conducted 
by u n d e rg rad u a tes  under my s u p e rv is io n  and in c lu d e d  b in a ry  ch o ice  
experim ents and l im i te d  consum ption r a t e  a n a ly s is  o f  th e  m ajor p re d a to rs  
(H u lbert e t  a l ,  1976; L u l l  e t  1979). The p re d a to rs  f a l l  in to  two 
main g roups:
1) A s te ro id s ;  A s te r ia s  f o r b e s i , L e p ta s te r ia s  s p . .  C ro s s a s te r  
papposus, S o la s te r  endeca; 2) A g u i ld  o f o th e r  p re d a to rs :  c rab s  ;
C arcinus maenas L innaeus, C ancer i r r o r a t u s  Say, Cancer b o r e a l i s  S tim son; 
L o b ste r; Homarus am ericanus M ilne-E dw ards; F ish ; cun n er, T au to g o lab ru s  
ad sp ersu s  Walbaum; Cod, (Morhua c a l l a r i s  L in n a e u s ) ; E el P o u t, (M acrozoarces 
am ericanus Walbaum); Wolf F is h ,  (A narch ichas lupus L in n a e u s ) .
A ll o f  th e se  s p e c ie s  have been p e rs o n a lly  observed  e i t h e r  
e a tin g  o r  hav ing  A. v u lg a r is  in  g u t c o n te n ts .  I  a ttem p ted  to  determ ine
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
th e  e x te n t  o f  p re d a t io n  on th e  A. v u lg a r is  p o p u la tio n s  a t  th e  th r e e  
t r a n s e c t  lo c a t io n s  by q u a n tify in g  abundances, f i e l d  b e h a v io ra l  o b s e r ­
v a t io n s ,  com m unications w ith  N a tio n a l M arine F is h e r ie s  b i o l o g i s t s ,  and 
la b  t e s t s  conducted  by u n d erg rad u a te  s p e c ia l  p r o je c t  s tu d e n ts .
6 . N a tu ra l  H is to ry
Q u a l i ta t iv e  o b s e rv a tio n s  w ere made on a l l  d iv e s  a t  b o th  th e  
community and a s t e r o id  p o p u la tio n  l e v e l s .  N otes were made o f  p r e d a to r -  
p rey  in t e r a c t i o n s ,  e scape  re s p o n se s , fe ed in g  b io lo g y , community component 
g row th , h e a l th  and a c t i v i t y ,  p rey  a v a i l a b i l i t y ,  a lg a l  s p e c ie s  dynam ics, 
and p re sen ce  o r  absence  o f  s e a so n a l s p e c ie s .
i
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ICHAPTER IV 
RESULTS
The fo llo w in g  s ta n d a rd  p r a c t ic e s  w ere fo llow ed  w ith  a l l  o f 
th e  r e s u l t s  o f  th e  s tu d y , u n le s s  o th e rw ise  s t a t e d . A ll  a s te r o id  
m easurem ents a re  e x p re ssed  in  cen tim eters and measured as s t a t e d
2
p re v io u s ly , a l l  abundance and biom ass r e s u l t s  a re  g iv en  f o r  a  .25 m 
a re a ,  a l l  d ep ths a r e  g iv en  in  m e te rs  below  MHW, * s ig n i f i e d  P < .0 5 ,
** s i g n i f i e s  P < .0 1 , *** s ig n i f i e d  P < .0 0 1 , a l l  e r r o r  e s t im a te s  
a re  s ta n d a rd  e r r o r s ,  and a l l  d a ta  a re  f o r  th e  th re e  re s e a rc h  s i t e s  
a t  th e  S ta r  I s la n d  t r a n s e c t .
1 . P o p u la tio n  S tr u c tu re
Q u a n t i ta t iv e  p o p u la tio n  e s t im a te s  o f  a l l  a s te r o id  s p e c ie s
were accom plished  m onthly from O cto b er, 1976 to  A ugust, 1977, in  Ju n e ,
1978, and Jan u a ry , 1979. A s te r ia s  v u lg a r is  was th e  dom inant a s te r o id
th ro u g h o u t th e  s tu d y , ex cep t in  th e  sm a ll s iz e  c la s s e s  a t  18 m, where
L e p ta s te r ia s  sp . was im p o r ta n t. Abundance, s i z e ,  and biom ass e s t im a te s
fo r  A. v u lg a r is  and L e p ta s te r ia s  sp . a re  g iv en  in  T ab les IV-1 th rough
IV -6 , F ig u re s  IV-1 th rough  IV-7 , and A ppendices A th ro u g h  E. Abundances
and s iz e s  were m easured d i r e c t l y  from th e  sam ples w h ile  biom ass was
e s tim a te d  from th e  r e g re s s io n  form ula Log w t. = -1  + 2 .7 4  Log Length 
2
( r  = .9 3 8 , P < .0 0 1 , 150 d . f . ) .  E r ro r  e s t im a te s  a re  g iv en  f o r  a l l  
s iz e s  and abundances, b u t n o t f o r  biom ass s in c e  th e  l a t t e r  a r e  e x t r a ­
p o la te d  v a lu e s .  I  have compared th e  r e s u l t s  o f  my biom ass a n a ly s is  
a g a in s t  th e  a c tu a l  b lo t t e d  w et w eigh t o f  sam ples n e a r ly  e q u iv a le n t  to
35
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th e  mean v a lu e s  f o r  each d ep th  and th e  e s t im a te s  concur v e ry  c lo s e ly  
I w ith  th e  a c tu a l  e s t im a te s .  The r e s u l t s  p u b lish e d  by Menge (1979) f o r
biom ass o f  A. v u lg a r is  a re  an o rd e r  o f  m agnitude too  h ig h  fo r  t h i s  
s p e c ie s J  see  Appendix F f o r  a  com parison o f  r e s u l t s .
The s iz e  and abundance d a ta  were an a ly zed  u t i l i z i n g  a m u lt ip le  
r e g re s s io n  fo rm u la tio n  o f  th e  g e n e ra l  model:
Y = 3q + + ggXg + ggXg + . . . + + E
where 3 's  a re  th e  r e g re s s io n  c o e f f ic ie n t s  to  be e s tim a te d  from th e  
I  independen t v a r ia b le s  X^, Xg, Xg . . . X^. The th re e  re s e a rc h  s t a t i o n s
I and seaso n s were coded as  dummy v a r ia b le s  f o r  th e  a n a ly se s  (KleinbaumII and Kupper, 1978). The a n a ly se s  were accom plished  u t i l i z i n g  th e
f m u lt ip le  r e g re s s io n  program s o f  th e  MINITAB I I  s t a t i s t i c a l  package
(Ryan, 1976), as  ad ap ted  to  th e  DEC 1090 com puter system .
I 2k An a n a ly s is  o f sam pling e f f ic ie n c y  o f  .25 m q u a d ra t s iz e
I 2g: was accom plished  e a r ly  in  th e  s tu d y  by comparing th e  r e s u l t s  o f 1 m
I __________________ . . .  , . _ 2sam ples to  in c lu d e d  .25 m sam ples u t i l i z i n g  a r e g re s s io n  a n a ly s is .
2
The r e s u l t s  showed th a t  .25 m q u a d ra ts  g iv e  th e  same r e s u l t s  f o r  th e
2 2 a s te r o id s  (P < .001 , r  = 77%). As a r e s u l t  .25 m q u a d ra ts  were
used f o r  th e  d u ra tio n  o f th e  s tu d y .
The s iz e  and abundance d a ta  were c o n s is ta n t  over th e  study
p e r io d , showing h ig h ly  s i g n i f i e n t  d if f e r e n c e s  o f  b o th  mean s iz e  and
mean abundance betw een th e  th re e  p o p u la tio n s  (T ab les  IV-7 th rough  IV -10,
F ig u res  IV -8 , IV -9 ) . S ize  c la s s e s  were n ev er a s c e r ta in e d  in  th e  f i e l d
o r  in  th e  d a ta ;  p o s s ib ly  th e  a b s o rp tiv e  c a p a b i l i t i e s  o f  th e  an im als
during  degrow th and re p ro d u c tio n  b lu r  any s iz e  c la s s  d if f e r e n c e s  by
in c re a s in g  th e  v a r i a b i l i t y  and o v e rlap  among in d iv id u a ls .
S ize  d a ta  were reco rd ed  f o r  each in d iv id u a l  in  each q u ad ra t
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o r t r a n s e c t ,  a  mean s iz e /s a m p le  c a lc u la te d  and t h i s  v a lu e  was used 
w h ile  abundance d a ta  were rec o rd ed  f o r  each sam ple and used  as  in p u t 
to  th e  a n a ly s e s . Thus, n  f o r  s iz e  i s  th e  number o f in d iv id u a ls  w hereas 
N f o r  abundance i s  th e  number o f  sam ples. As m entioned above, A. v u lg a r is  
and L e p ta s te r ia s  sp . were c o n s id e re d  to g e th e r ,  due to  th e  taxonom ic 
problem s r e l a t i v e  to  th e  many sm a ll in d iv id u a ls .  W in ter was c o n sid e red  
as  th e  p e r io d  from November to  A p ril  and summer from May to  O ctober 
f o r  th e  purpose o f  th e  a n a ly s e s .  The p e r io d s  co rresp o n d  to  am bient su b -
I t i d a l  w a te r  te m p e ra tu re s , n o t c a le n d a r  sea so n s .
't'i 2
I The r e s u l t s  o f  th e  .25 m q u a d ra ts  show a r e l a t i v e l y  la rg e
5:
p o p u la tio n  w ith  a  range o f s iz e s  a t  8 m g iv in g  a h ig h  b iom ass; a  la rg e
; p o p u la tio n  o f v ery  sm all in d iv id u a ls  a t  18 m (> 90% = L e p ta s te r ia s  s p . ) ,
w ith  v ery  low biom ass; and a  sm all p o p u la tio n  w ith  a  range  o f  s iz e s  a t  
30 m w ith  low b iom ass. The 10 m t r a n s e c t s  ( to  e s tim a te  la rg e  in d iv id u a ls  ) 
show a  number o f  m id -s iz e d  in d iv id u a ls  a t  8 m, a  few g ia n ts  a t  18 m and 
a few la r g e r  s iz e d  in d iv id u a ls  a t  30 m. The p o p u la tio n s  o f A. v u lg a r is  
and L e p ta s te r ia s  s p . a re  th u s  q u i te  d i f f e r e n t  in  th e  th re e  a d ja c e n t 
communities in  te rm s o f mean abundance, mean s i z e  and b iom ass. The 
d if f e r e n c e s  in  p o p u la tio n  s t r u c tu r e  a re  s ig n i f i c a n t  (T ab les IV-7 through  
IV-10) and have been observed  th ro u g h o u t th e  s tu d y : 1 : 8 m has a  la rg e
I number o f a  range o f  s iz e s  o f  in d iv id u a ls  and by f a r  th e  h ig h e s t  b iom ass,
I 2 . 18 m has a  v e ry  la rg e  number o f sm all (< .5 cm) in d iv id u a ls ,  most
F
! o f  which a re  L e p ta s te r ia s  s p . ,  th u s  th e re  a re  few A. v u lg a r i s  b u t th e
I g ia n ts  (> 20 cm) on ly  o ccu r a t  18 m and, 3: 30 m has a  low number o f
I
(; sm all and mid s iz e d  A. v u l g a r i s .
i'i
A number o f in d iv id u a ls  were alw ays found re g e n e ra tin g  arms 
in  each community. Large in d iv id u a ls  were more o f te n  found m issin g
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arm s, b u t no tre n d s  cou ld  be d is c e rn e d  in  th e  numbers o r  s iz e s  o f
re g e n e ra tin g  in d iv id u a ls .  The p e rc e n ta g e s  o f  in d iv id u a ls  w ith  m iss in g
2arms from th e  .25 m q u ad ra t sam ples w ere 16.7% a t  8 m, 3.7% a t  18 m, 
and 6.2% a t  30 m. A number o f f a c to r s  can cause  A. v u lg a r is  to  au to to m ize  
an arm, n o ta b ly  a  p re d a to r  such a s  th e  l o b s t e r  n o ted  below . The 
p e rc en ta g e  o f  th e  p o p u la tio n  re g e n e ra t in g  arms may be an in d ic a t io n  
o f p re d a tio n  p re s s u re  on th e  a s t e r o id s .
S e a s o n a l i ty . S e a so n a lity  d i f f e r e n c e s  were observed  in  abundance 
b u t n o t in  s iz e  o f  A. v u lg a r is  and L e p ta s t e r i a s  sp . (T ab les IV-7 th rough  
IV -1 0 ). There a re  few er in d iv id u a ls  in  th e  w in te r  th an  summer, b u t 
the  s i z e  s t r u c tu r e  rem ains th e  same, p ro b ab ly  because  th ey  ten d  to  seek  
s h e l t e r  ( i . e .  th ey  become h a rd e r  to  f in d  in  w in te r ) ,  a lth o u g h  some 
always rem ain a c t iv e .  S easona l d i f f e r e n c e s  w ere a ls o  observ ed  in  th e  
r e la t io n s h ip  o f d is c  and arm m easurem ents (T ab le  IV -1 1 ). A lthough
[ th e  r e la t io n s h ip  o f  th e  d is c  to  arm s iz e  was h ig h ly  s i g n i f i c a n t ,  th e
I p ro p o r tio n s  were d i f f e r e n t  in  each p o p u la tio n  and th ey  v a r ie d  s e a s o n a l ly .
L
The a s te r o id s  a t  8 m and 18 m had lo n g e r  arms r e l a t i v e  to  th e  d is c  th an  
t th o se  a t  30 m, and in  summer th e  arms w ere lo n g e r  th an  in  w in te r .  P o s s ib ly
i th e  d i f f e r e n c e s  a re  due to  n u t r i t i o n a l  l e v e l s  in  th e  th re e  p o p u la tio n s
t and th e  y e a r ly  re p ro d u c tiv e  c y c le  in  w hich th e  gonads a re  g r e a t ly  e n la rg e d
I : ' -
in  l a t e  w in te r .II R ecru itm en t by A. v u lg a r is  appeared  to  be q u i te  v a r ia b le  each
¥ y e a r .  P lan k to n  tows and a lg a l  c o l le c t io n s  w ere r e g u la r ly  ta k en  to  lo o k
I:
fo r  la r v a e ,  b u t none were seen . S ta b le  p o p u la tio n s  over th e  p e r io d  o f 
th e  s tu d y  su g g es t t h a t  re c ru itm e n t was o c c u rr in g  each y e a r ,  a t  l e a s t  
nearby  such  th a t  th ey  were a b le  to  m ig ra te  in to  th e  a r e a s ,  o r  in  some 
m ic ro h a b ita t  n o t sam pled. In  1979 sm a ll A. v u lg a r i s  were seen  f o r  th e
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f i r s t  tim e on th e  buoy l i n e s  to  th e  th re e  s i t e s  w hich c l e a r ly  showed 
re c ru itm e n t, s in c e  l i n e s  were re p la c e d  in  th e  p receed in g  s p r in g .  I  b e l ie v e  
th e  sp e c ie s  re c ru itm e n t su cc e ss  i s  h ig h ly  v a r i a b le ,  b o th  s p a t i a l l y  and 
te m p o ra lly .
O ther a r e a s . The r e s u l t s  a t  th e  rocky s u b s t r a te  a re a s  o f 
Nubble L ig h t and M alaga Gut showed s i m i l i a r  p o p u la t io n  s t r u c tu r e s  to  
th e  S ta r  I s la n d  re s e a rc h  s i t e  (T ab le  IV-6  and Appendix E ) . Both a re a s  
showed l a r g e r  and more abundant a s te r o id s  a t  8 m th an  d e ep e r. N e ith e r  
a re a  had many L e p ta s te r ia s  sp . Thus th e  r e s u l t s  p o r t r a y  o n ly  A. v u lg a r i s  
and p o te n t i a l  com parisons o f  a re a s  w ith  and w ith o u t L e p ta s te r ia s  sp . 
a re  p o s s ib le .
The p o p u la tio n  s t r u c tu r e s  observed  a t  th e  s o f t  s u b s t r a te  
G osport H arbor lo c a t io n  d i f f e r e d  c o n s id e ra b ly  from a l l  o f  th e  rocky 
s u b s t r a te  a re a s  (T able IV -8 , and Appendix E ) . On s o f t  s u b s t r a t e  th e  
mean s iz e s  a re  sm all a t  8 m (.4 9  cm) and la rg e  a t  18 m (4 .5 5  cm).
The 18 m community in  th e  h a rb o r  i s  dom inated by b iv a lv e s  (Cardium s p . 
A rc tic a  i s l a n d ic a  and M ercen aria  m e rc en a ria ) and sand d o l la r s  
(E ch in arach n iu s  parma) , hence a  v e ry  d i f f e r e n t  community from th e  
rocky a r e a s .  Feeding r e s u l t s  (below ) showed t h a t  b iv a lv e s  were a h ig h ly  
p re fe r r e d  p rey  o f  la rg e  A. v u l g a r i s . Thus a community o f b iv a lv e s  
where la r g e  A. v u lg a r i s  a re  found may be a  cause  and e f f e c t  r e l a t i o n s h ip .
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T able  IV -1. Abundance o f A. v u lg a r is  from .25 m q u a d ra ts ,  a t  th e  
re s e a rc h  s i t e s .
Date 8 m 18 m 30 m
2 2 2 M ean/. 25m M ean/. 25m M ean/. 25m
X SE (N)l X SE (N) X SE (N)
Oct '76 6 .05 .930 (5) 32 .0 4 .25 (2 ) 1 .61 .59 (5)
Nov '76 21.25 2.998 (2 ) 35.25 12.99 (2 ) 4 .5 0 .877 (3)
Dec '7 6 23 .00 3.686 (6 ) NT? ND ND ND
Jan  '77 4 .1 4 1.007 (8 ) 13.5 5 .37 (4) ND ND
Feb '77 3 .96 .716 (12 ) 26.75 • 9 .28 (4) 5 .50 .749 (2 )
A p r i l  '77 7 .00 1.55 (3) 53 .00 4 .99 (2 ) 5 .33 1 .85 (3)
May '77 11.33 2.402 (3) 52.00 19.99 (2 ) ND ND
June '77 7.66 1.662 (3) 42 .00 19.15 (3) 3 .80 1 .59 (5)
J u ly  '77 14.66 5 .48 (3) 57 .00 32.95 (2 ) 8 .57 1 .19 (7)
Aug '77 10 .30 1 .0 4 (15) 37.00 15.48 (2 ) 12.25 .855 (4)
June '7 8 13.10 1.65 (10 ) 20.80 3.16 (10 ) 11 .40 2.06 ( 10 )
Jan  '79 8 .3 0 1 .26 (10 ) 21.50 3.41 (10 ) 15 .50 .502 (2 )
O v e ra ll 9 .95 8 .2 2 (80) 29.33 3.099 (40) 8 .33 .946 (41)
I
1 N = The number o f . 25m^ q u a d ra ts  sam ples
2 nd means no d a ta  w ere c o l le c te d  due to  w eath er c o m p lic a tio n s
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T able IV -2 . S ize  s t r u c tu r e  o f  A. v u lg a r i s  from  .25m q u a d ra ts  a t  th e  
r e s e a rc h  s i t e s . t  
D ate 8 m 18 m 30 m
Mean S ize  (cm) Mean S ize  (cm) Mean S ize  (cm)
X SE (n )l X SE (n) X SE (n)
1
Oct '76 2 .62 .084 (121) .57 .001 (256) 1.35 .095 (31)
Nov '76 1 .83 .093 (170) .91 .017 (282) 1.18 .026 (54)
ïi Dec '76 1 .48 .018 (138)
2
ND ND
Jan  '77 2 .1 1 .111 (29) .84 .041 (54) ND
Feb '77 2 .24 .046 (163) .69 .016 (107) .77 .006 (44)
A p ril  '77 2.95 .218 (2 1 ) .55 .003 (106) 1 .19 .119 (16)
May '77 1 .90 .053 (34) .69 .029 (104) ND
1 June '77 1 .80 .150 (23) .53 .004 (126) .99 .120 (19)
Ju ly  '77 1 .90 .086 (44) .53 .009 (114) 1 .06 .069 (62)
;
Aug '77 2 .1 0 .014 (146) .41 .007 (75) .89 .020 (49)
June '78 1.84 .036 (108) .45 .004 (208) .90 .036 (114)
' Jan  '7 9 2 .08 .090 (83) .53 .006 (215) .58 .028 (31)
: O v era ll 1 .961 .045 (1080) .588 .013 (1647) .964 .0 3 9 (4 2 0 )
1 (n) = The number o f in d iv id u a ls  m easured from .25m q u a d ra ts
2 ND = means no d a ta  were c o l le c te d  due to  w eath er co m p lica tio n s
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Table IV -3. Biomass o f A. v u lg a r is  from .25m q u a d ra ts  a t  th e
re s e a rc h  s i t e s .  A ll v a lu e s  a re  in  grams b lo t te d  wet w eight 
from th e  R eg ress io n  E quation  Log wt = -1  + 2 .74  Log Lth 
(se e  t e x t ) ,







X/.25m? X /in d iv . X/.25m^ X /in d iv . X/.25mf X/ind:
Oct '76 8.47 1 .40 .70 .02 .38 .23
Nov '76 11.13 .52 2 .71 .08 .71 .16
Dec '76 6.72 .29 NE?- ND ND ND
Jan  '77 3.19 .77 .84 .06 ND ND
Feb '77 3 .61 .91 .97 .04 .27 .05
A p ril '77 13.56 1.94 1.03 .02 .85 .16
May '77 6 .58 .58 1 .8 8 .04 ND ND
June '77 3.83 .50 2 .64 .06 .36 .10
J u ly  '77 8 .51 .58 1 .0 0 .02 .89 .10
Aug '77 7.86 .76 .31 .01 .89 .07
June '7 8 6.96 .53 .23 .01 .86 .07
Jan  '79 6.17 .74 .38 .02 .35 .02
O v era ll 6 .73 .68 .69 .02 .92 .11
^ND -  Means no d a ta  were c o l le c te d  due to  w eather co m p lica tio n s
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Table IV -4. Abundance and s iz e  o f A. v u lg a r i s  from  10m t r a n s e c t s  a t  
th e  re s e a rc h  s i t e  fo r  in d iv id u a ls  o ver 3 cm (se e  t e x t ) .
Abundance
Date 8m 18 m 30 m
2 2 2 (Mean/lOm ) Mean/lOm Mean/lOm
X SE (N)l X SE (N) X SE (N)
Aug '77 m? 3 .16 .576 (11 ) ND
Dec '77 38.50 5 .33 (4) 10.75 3.82 (4) 2 .92 .55 (4)
June '7  8 26.10 3.63 (10 ) 4 .92 1.25 (12 ) 3 .9 0 .72 ( 10)
Jan  '79 11.60 2 .69 (1 0 ) 4 .6 0 .90 (10 ) 4 .75 2.49 (4)
O v era ll 22.13 2.860 (24) 4 .86 .712 (37) 3 .9 1 .657 (18)
S ize
Date 8m 18 m 30 m
Mean S ize (cm) Mean S ize  (cm) Mean S ize (cm)
X SE (n)3 X SE (n) X SE (n)
Aug '77 ND? 10.63 .122 (95) ND
Dec '77 3 .90 .008 (154) 5 .98 .070 (129) 4 .32 .128 (35)
June '78 4 .52 .035 (227) 5 .77 .345 (59) 3 .81 .062 (39)
Jan  '79 4.86 .078 (116) 5 .72 .190 (46) 4 .24 .112 (19)
O v era ll 4 .55 .032 (497) 7.13 .155 (329) 4 .01 .056 (93)
1 2  9N = number o f 10m band t r a n s e c t s  sam pled; ND = no d a ta  were c o l le c te d
3 2n = th e  number o f in d iv id u a ls  m easured from 10m t r a n s e c t s
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T able IV -5. Biomass o f A. v u lg a r i s  from  10m t r a n s e c t s  f o r  la rg e  
in d iv id u a ls  (> 30 cm) a t  t r a n s e c t  lo c a t io n s .  A ll  
v a lu e s  a re  in  grams b lo t te d  wet w eigh t from  th e  
r e g re s s io q  e q u a tio n  Log wt = -1  + 2 .74  Log L th  (see  
t e x t ) .
44







X/lOmf X /in d iv . X/lOmf X /in d iv . X/lOmf X /in d iv .
Aug '77 ndJ- ND 205.9 64.97 ND ND
Dec '77 160.88 4 .1 8 144.40 13.43 15.37 5 .5 0
June '7 8 1 62 .82 6 .23 59 .88 12.18 15.21 3 .9 0
Jan  '7 9 88.27 7 .61 54 .81 11.91 24.80 5 .2 2
O v era ll 140.58 6 .35 105.70 21.75 17.57 4 .49
I
1 = No d a ta  were c o l le c te d
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T able IV-6 . S ize  s t r u c tu r e  and abundance o f A. v u lg a r i s  from .25m 
q u a d ra ts  a t  a re a s  o th e r  th an  th e  r e s e a rc h  s i t e s .
8 m 18 m 30 m








s iz e  (cm) 
SE
Malaga Gut 
I s l e s  o f  S hoals
(n^ = 211)
S ize
2 .3 9  .078 1 .16 .084 4 .8 4 .091
(N  ^ = 35)
Abundance (.2 5  
5 .5 0  .411 4 .4 3 .259 1 .4 0 .150




2 .36  .036 1.57 .031 NiP
(N = 40)
Abundance (.2 5  
12 .43  1 .358
m^)
6 .5 0 .697 ND
G osport H arbor 
I s l e s  o f S hoals
(N = 156)
S ize  
.49  .015 4 .55 .099 ND
(N = 26)
Abundance 
1 5 .60  4 .58 .99 1 .0 2 ND
I n  = Number o f  in d iv id u a ls  m easured from .25m q u a d ra ts
2
2 N = Number o f  .25m q u a d ra ts  c o l le c te d .
3 = ND = No d a ta  w ere c o l le c te d  due to  bottom  topography
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T able  IV -7. M u ltip le  re g re s s io n  a n a ly s is  o f .25m q u a d ra t abundance 
d a ta .  ^ The a n a ly s is  shows a s ig n i f i c a n t  e f f e c t  o f 
season  on mean abundance and s ig n i f i c a n t  d i f f e r e n c e s  in  
mean abundance a t  8m and 18m as compared to  30m. Mean 
abundances a re  s i g n i f i c a n t ly  h ig h e r a t  8m and 18m.
Model; Y = 3q + + ggXg + 63X3 + E
2
Where: Y = Abundance/.25m
X. = 1 = 8 m
^ 0 ^
X. = 1 = 18 m
0 f
X- = 1 = summer 
^ 0 9^
R e s u lts :  lo e (y + 1) = .780 + .115 X^ + .566 Xg + .110  X^
V ariab le C o e f f ic ie n t STD. DEV. o f Coef. T-RATIO (c o e f ./S .D .)
Y .7799 .0605




Source d . f .  SS MS = S S /d .f . F R^
R egression 3 7.8238 2.6079 30.01*** 35.0%
R esidual 167 14.5097 0.0869
T o ta l 170 22.3335
* = P < .0 5 ; *** = P < .001
<t> See Appendix G f o r  a n a ly s is  w ith  in te r a c t io n  te rm s.
1 a Log (y  + 1) tra n s fo rm a tio n  was used fo r  a l l  d a ta  to  e l im in a te
h e te r o s c e d a s t ic i ty  o f  th e  v a r ia n c e s  and th e  r e s id u a ls  were p lo t te d  to
g ra p h ic a l ly  check conform ance to  t h i s  assum ption  o f th e  t e s t s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
I
T able  IV -8 . M u ltip le  r e g re s s io n  a n a ly s is  o f .25m q u a d ra t s iz e  d a ta .
The a n a ly s is  shows no e f f e c t  o f season  on mean s iz e  o f 
th e  a s t e r o id s ,  and' s i g n i f i c a n t  d i f f e r e n c e s  in  mean s iz e s  
a t  8m and 18m as compared to  30m. The mean s iz e s  o f 
a s te r o id s  a re  sm a lle r  a t  18m and la r g e r  a t  8m.
M odel; Y = + B^X  ^ + + E
2
Where; Y = s iz e  (cm.) from .25m q u a d ra ts
X., = 1 = 8m 
^ 0 f
X_ = 1 = 18m 
0 i
X, = 1 = summer 
^ O f
R e su lts :  log (y + 1) = .308 + .168 X  ^ -  .105 Xg - .0097 X.
V aria b le C o e f f ic ie n t STD. DEV. o f Coef. T-RATIO (C o e f ./S .D .)
Y .3079 .0165
^1 .1678 .0158 10.62 ***
^2 - .1 0 4 8 .0178 -5 .8 8  ***
s -.0 0 9 7 .0131 -0 .7 4  NS
ANOVA T able
Source d . f .  SS MS = S S /d .f . F R^
R egression 3 2.26208 0.75403 119.88*** 69.2%
R esidual 160 1.00677 0.00629
T o ta l 163 3.26885
*** = P < .001 ; NS = n o t s ig n i f i c a n t
t  a Log (y + 1) tra n s fo rm a tio n  was used w ith  a l l  d a ta  to  e l im in a te  
h e te r o s c e d a s t ic i ty  o f th e  v a r ia n c e s  and th e  r e s id u a ls  were p lo t te d  to  
g ra p h ic a l ly  check conform ance to  t h i s  assum ption  o f th e  t e s t s .
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T able IV -9. M u ltip le  r e g re s s io n  a n a ly s is  o f 10m t r a n s e c t  abundance
d a ta .  T ran se c t a n a ly s is  p e r ta in s  o n ly  to  la r g e  in d iv id u a ls  
(> 3 c m .) . The a n a ly s is  shows no e f f e c t  o f season  on mean 
abundance o f th e  a s t e r o id s ,  no s ig n i f i c a n t  d i f f e r e n c e  in  
mean abundance a t  18m r e l a t i v e  to  30m, and a  s ig n i f i c a n t  
d i f f e r e n c e  o f mean abundance a t  8m r e l a t i v e  to  30m. The 
mean abundances a re  h ig h e r  a t  8m.
Model:
Where; Y = abundance/lOm^ 
X = 1 = 8m
^ 0 f
X_ = 1 = 18m 
^ 0 f
X, 1 = summer 
0 f
R e s u l ts ; log  (y + 1) = .611 + .634 X  ^ + .0634 Xg + .0049 X^
V aria b le  C o e f f ic ie n t  STD. DEV. o f C oef. T-RATIO (C o e f ./S .D .)
Y .6106 .0865
Xl .635 .101 6.28***
^2 .0634 .0929 0 .68  NS
.0049 .0741 0.07 NS
ANOVA T able
Source d . f . SS MS = SS/df F r 2
R egression 3 5.899 1.966 18.90*** 43.0%
R esidual 75 7.812 0.104
T o ta l 78 13.711
NS = Not s i g n i f i c a n t ,  *** = P < .001
t  a Log ( Y + 1) t ra n s fo rm a tio n  was used fo r  a l l  d a ta  to  e l im in a te  
h e te r o s c e d a s t ic i ty  o f  th e  v a r ia n c e s  and th e  r e s id u a ls  were p lo t te d  to  
g ra p h ic a lly  check conform ance to  t h i s  assum ption  o f th e  t e s t s .
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2 tTable IV -10. M u ltip le  r e g re s s io n  a n a ly s is  o f 10m t r a n s e c t  s iz e  d a ta .
T ra n se c t a n a ly s is  p e r ta in s  o n ly  to  la r g e  in d iv id u a ls  (< 3
cm ). The a n a ly s is  shows no e f f e c t  o f seaso n  on mean s iz e  o f
th e  a s te r o id s  and no s ig n i f i c a n t  d i f f e r e n c e  in  mean s iz e
a t  8m r e l a t i v e  to  30m. The mean s iz e  a t  18m i s
l a r g e r  th an  30m.
Model; Y = + g^X^ + g^X^ + E
Where; lo g  (y + 1) = .678 + .0490 X^  ^ + .186 X  ^ + .0362 X^
X., = 1 = 8m
^ 0 f
X_ = 1 = 18m 
^ 0 f
X- = 1 = summer 
O f
R e s u l ts ; Y = .678 + .0490 X^ + .186 X  ^ + .0362 X^
V ariab le C o e f f ic ie n t STD. DEV. o f  Coef. T-RATIO (C o e f./S .D .)
Y .6777 .0306
\ .0490 .0352 1 .39 NS
Xz .1856 .0326 5 .7 0 ***
X3 .0362 .0253 1 .43 NS
ANOVA Table
Source d . f .  SS MS = S S /d .f . F r 2
R egression 3 .5344 0.1781 15.22*** 38.7%
R esidua l 72 .8457 0.0117
T o ta l 75 1.3801
NS = Not s i g n i f i c a n t ,  *** = P < .001
t  a  Log (y + 1) tra n s fo rm a tio n  was used f o r  a l l  d a ta  to  e l im in a te  
h e te r o s c e d a s t ic i ty  and th e  r e s id u a ls  w ere p lo t te d  to  g r a p h ic a l ly  check 
conformance to  t h i s  assum ption  o f  th e  t e s t s .




Table IV -11. M u ltip le  r e g re s s io n  a n a ly s is  o f  d is c  and arm p ro p o r t io n s
o f A. v u l g a r i s . The a n a ly s is  shows a s ig n i f i c a n t  r e l a t i o n ­
sh ip  o f d i s c  s i z e  to  a m  s i z e ,  b u t th e  p ro p o r t io n s  d i f f e r  
in  each p o p u la tio n  and by seaso n .
Model; Y = 0Q + *3X3 + B^X^ + E
Where; Y = d is c  s iz e  
X^ = a m  s iz e  
X. = 1 = 8m
^ 0 f
X_ = 1 = 18m 
0 ^
X, = 1 = summer
0 ^
R e s u l ts ; Log (Y + 1) = - .0 2 5 7  + Log .639 X  ^ + .0334 + .0120 X_
+ .0409 X,
V a riab le C o e f f ic ie n t STD. DEV. o f C oef. T-RATIO (C o e f ./S .D .)
Y -.0 2 5 6 8 .00329
^1 .63892 .00530 120.57 ***
^2 .03340 .00284 11.74 ***
^3 .01203 .00259 4 64 ***
^4 .04089 .00095 43 .04  ***
ANOVA Table
Source d . f .  SS MS = S S /d .f . F R^
R egression 4 8.96479 2.24120 4980.4*** 97.6%
R esidual 495 .22344 .00045
T o ta l 499 9.18823
*** =  P < .0 0 1
t  a Log (Y + 1) tra n s fo rm a tio n  was used  f o r  a l l  d a ta  to  e l im in a te  
h e te r o s c e d a s t ic i ty  and th e  r e s id u a l s  were p lo t te d  to  g ra p h ic a l ly  check 
conformance to  t h i s  a ssum ption  o f  th e  t e s t s .
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Figure IV-1 Abundance of Asterias vulgaris and Leptasterias 
sp. at 8m, iSm and JO ra for 9 complete sampling 
dates. Data points are mean values with standard 
error bars.
1 = Oct. 1976
2 = Nov. 1976
3 = Feb. 1977
4 = April 1977
5 = June 1977
6 = July 1977
7 = Aug. 1977
8 = June 1978
9 = Jan. 1979
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Figure IV-^ Size structure of Asterias vulgaris and Leptasterias 
sp. at 8m, iSm and 30m for 9 complete sampling dates. 
Data points are mean values with standard error
bars.
1 = Oct. 1976
2 = Nov. 1976
3 = Feb. 1977
4 = April 1977
5 = June 1977
6 = July 1977
7 = Aug. 1977
8 = June 1978
9 = Jan. 1979
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F ig u re  IV -3 Biomass o f  A s te r ia s  v u lg a r is  and L e p ta s te r ia s  sp , 
a t  8m, 16m and 30m f o r  9 com plete sam pling  d a te s .
1 = O ct. 1976
2 = Nov. 1976
3 = Feb . 1977
4  = A p r i l  1977
5 = June 1977
6 = J u ly  1977
7 = Aug. 1977
8 = June 1978
9 = J a n . 1979
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F ig u re  IV- 4 Biomass o f  A s te r ia s  v u lg a r is  and  L e p ta s te r ia s  sp . 
a t  8m, iBm and 30m,
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F ig u re  IV- 5 Mean abundance o f  A s te r ia s  v u lg a r i s  and l e p t a s t e r i a s  
sp . a t  8m, l 8m and 30m from  O cto b er, 1976 to  January , 
1979* D ata p o in ts  a r e  mean v a lu e s  w ith  s ta n d a rd  
e r r o r  b a r s .












































C g U S Z ' ] A H S W 3 Q
L
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
Figure IV-6 Mean size of Asterias vulgaris and Leptast(?rias 
sp. at 8 m, 18 m and 30 m from October, 1976 ho 
January, 1979» Data points are mean values 
with standard error bars (inside the symbols).
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FigureIV“7 Mean tiomass of Asterias vulgaris and Leptasterias 
sp. at 8m, iSm and 30m from October, 1976 to 
January, 1979■ Values are estimated from the 
regression equation log weight = -1.66 + 2.74 
log length (see text).
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2 . Feeding A c t iv i ty
F ie ld  r e s u l t s . The d a ta  on p rey  e a te n  (T ab les  IV -13, IV-14) 
show th a t  A. v u lg a r i s  i s  a g e n e r a l i s t  in  i t s  fe e d in g  b e h a v io r , consuming 
a wide v a r i e ty  o f  s p e c ie s  a t  a l l  th re e  s i t e s ,  however th e  d a ta  does
|ï show d if f e r e n c e s  betw een th e  com m unities. A s t r i k in g  r e s u l t  o f  th e
an a ly ses  in  b o th  T ab les  IV-13 and IV-14 i s  th a t  few er in d iv id u a ls  
a re  fe ed in g  a t  18 m, w h ile  s im i la r  p ro p o r tio n s  a re  found feed in g  
a t  8 m and 30 m. The d i f f e r e n c e s  have been c o n s is te n t  over th e  
p e rio d  o f  th e  s tu d y  and a re  p ro b ab ly  r e l a t e d  to  th e  p rey  a v a i l a b i l i t i e s  
of the  th r e e  com m unities, a s  d is c u s se d  below . T able IV-13 f o r  a l l
K A. v u lg a r is  and T able  IV -14, f o r  th e  sm a ll s iz e s  show th a t  th e  d e p re ssed
:
(' feed ing  a t  18 m o b ta in s  f o r  th e  range  o f  s i z e s ,  b u t may even be in te n -
l
I s i f i e d  f o r  th e  s m a l le s t  in d iv id u a ls .
I''
There a re  a  number o f  p rey  th a t  a re  ta k en  in  r e l a t i v e l y  la rg e
amounts a t  one dep th  o n ly , in c lu d in g : M y tilu s  e d u l i s , b a rn a c le s .  Lacuna 
v in c ta , and tu n ic a te s  a t  8 m. M odiolus m odiolus and c h ito n s  a t  18 m, 
and d e t r i t u s ,  Colu s  s p p . ,  and h y d ro id s  a t  30 m. A ll o f  th e  n o ted  
d if fe re n c e s  in  p rey  e a te n  p e r  a re a  r e f l e c t  th e  p rey  a v a i l a b i l i t i e s  
in  th o se  com m unities. O ther p rey  a re  r e l a t i v e l y  u b iq u ito u s  in  d i s ­
t r i b u t io n  and th e  fe e d in g  d a ta  r e f l e c t  th e  g e n e ra l  d i s t r i b u t i o n  o f 
e c to p ro c ts ,  am phipods, is o p o d s , S p ir o rb is  s p p . ,  o th e r  p o ly c h a e te s , 
b iv a lv e  s p a t ,  and h y d ro id s . O v e ra ll  A. v u lg a r is  i s  a  g e n e r a l i s t  
tak in g  p rey  in  c lo s e  ap p ro x im atio n  to  p rey  a v a i l a b i l i t y .
When th e  feed in g  r e s u l t s  a re  an a ly zed  acco rd in g  to  th e  s iz e  
o f  A. v u lg a r i s  and th e  p rey  e a te n  by th a t  s i z e ,  a  s e r i e s  o f  p rey  s p e c i a l i ­
z a tio n s  em erges (F ig . TV-8   ^ T able IV -1 4 ). Comparing th e  15 common 
prey c a te g o r ie s  to  th e  s iz e  o f  A. v u lg a r i s  e a t in g  them , s ig n i f i c a n t ly
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I
(Table IV-15) d i f f e r e n t  p rey  a re  consumed by th e  s m a ll ,  mid and 
la rg e  a s te r o id s .  C a teg o rie s  1 th rough  6 a re  commonly found a s  e p ifa u n a , 
■and in v a r ia b ly  th e  sm all a s te r o id s  a re  on th e  secondary  s u b s t r a te  
consuming them. The range o f p rey  c a te g o r ie s  a v a i la b le  to  th e  
s m a lle s t a s te r o id s  i s  n o t as wide as i t  ap p ea rs  in  F ig . IV-8 , and Table 
IV-15, because n o t every  c a te g o ry  i s  a v a i la b le  in  each community.
B ivalve sp a t a re  a v a i la b le  in  every  community, b u t th ey  a re  h ig h ly  
ephem eral, a v a i la b le  on ly  in  l a t e  sp r in g  and summer. D e tr i tu s  i s  a c a tc h ­
a l l  term  th a t  in c lu d e s  th e  many sm all a lg a e ,  d ia to m s, r a d io la r i a n s ,  
fo ra m in ife ra n s , b iv a lv e s  and p seudofeces th a t  a re  common as  a  su b stra tu m  
covering  in  p la c e s  in  a l l  com m unities, b u t e s p e c ia l ly  common a t  30 m, 
w ith in  th e  p o ly c h ae te  tu b e  and s o f t - c o r a l  m a tr ix . L arger s iz e  a s te r o id s  
can always p h y s ic a l ly  consume th e  same p rey  as a s te r o id s  o f sm a lle r  
s iz e s  and t h i s  i s  th e  rea so n  f o r  m ost o f th e  v a r i a b i l i t y  in  th e  r e s u l t s .
A com parison o f  F ig u re  IV- 8 showing what sm a ll A. v u lg a r is  e a t ,  and 
Table IV-13 showing th e  community d if f e r e n c e s  in  feed in g  su g g es t s tro n g  
l im i ta t io n s  o f sm all A. v u lg a r is  in  a g iv en  community, as a r e s u l t  o f 
both  th e  s p a t i a l  and th e  tem pora l p rey  a v a i l a b i l i t y  d i f f e r e n c e s .  Thus, 
b iv a lv e  sp a t a re  h e a v ily  p reyed  upon when s e a s o n a lly  a v a i la b le  in  a l l  
com m unities, e c to p ro c ts  a re  abundant a t  8 m and h e a v ily  tak en  a s  i s  
the  d e t r i t u s  m a tr ix  a t  30 m. There ap p ears  to  be no good p rey  s p e c ie s  
a v a ila b le  a t  18 m f o r  th e  s m a lle s t  s i z e s .
M id -sized  A. v u lg a r is  ( c a te g o r ie s  7 -1 3 , F ig . IV - 8 ) e a t  a 
wide v a r ie ty  o f  p rey  p ro b ab ly  because th ey  have th e  m echan ical a b i l i t y  
to  do so . The p rey  f o r  t h i s  group a ls o  occu r in  a  range o f  s i z e s ,  
fo r  example u rc h in s  and s n a i l s ,  and th e  com bination  o f v a r io u s  s iz e s  
o f  p rey  and a s te r o id  I s  la r g e ly  re s p o n s ib le  f o r  th e  v a r i a b i l i t y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
67
Again th e  a c tu a l  s p e c i f i c i t y  p e r  community i s  g r e a te r  th an  shown in  
F igure  IV- 8 and T able IV -15 , because  th e  p rey  c a te g o r ie s  f o r  th e  
mid s iz e s  a re  n o t  e q u a lly  a v a i la b le  in  each community (T able IV-13 
g ives a c lo se  e s tim a te  o f  p rey  a v a i l a b i l i t i e s ) . A unique fo ra g in g  
b eh av io r i s  commonly observed  f o r  th e  m id -s iz e d  a s t e r o id s .  F req u e n tly  
they feed  in  groups o f  4-10 in d iv id u a ls  in  which th ey  a t ta c k  a  l a r g e ,  
s o l i t a r y  p rey  in c lu d in g  M odio lus. c ra b s , o r u rc h in s . O ften th e  p rey  
i s  l a r g e r  th an  th ey  would n o rm ally  be cap ab le  o f  a t ta c k in g  and 
consuming. Buccinum undatum, a  la rg e  p re d a to ry  w helk , i s  in v a r ia b ly  
a s s o c ia te d  w ith  th e  group feed in g  A. v u lg a r i s . Buccinum has been 
re p o rte d  (N ie lso n , 1975) to  be a  b iv a lv e  fe e d e r  u t i l i z i n g  th e  l i p  o f 
i t s  s h e l l  to  open p rey . The e f f e c t  o f  th e  b e h a v io r may be to  a llo w  
p re d a tio n  o f l a r g e r  p rey  th an  m id -s iz e d  in d iv id u a ls  would n o rm ally  
be fu n c t io n a l ly  a b le  to  s u c c e s s fu l ly  a t t a c k .
The l a r g e s t  in d iv id u a ls  p rey  a lm ost e x c lu s iv e ly  on b iv a lv e s  
and b a rn a c le s ,  however, th e  l a t t e r  a re  n o t a v a i la b le  in  h igh  d e n s i t i e s  
in  th e  s u b t id a l .  B arn ac les  a re  v i r t u a l l y  a b se n t on h o r iz o n ta l  s u r fa c e s  
a t  th e  deeper s i t e s  in  t h i s  s tu d y . At 8 m th e  b iv a lv e  most a v a i la b le  i s  
M ytilus e d u l i s , w hereas a t  18 m and 30 m M odiolus i s  th e  o n ly  common 
la rg e  b iv a lv e . The g ia n t  A. v u lg a r is  (> 20 cm) found on ly  a t  18 m a re  
e x c lu s iv e ly  (> 99%) e a t in g  la rg e  M odio lus, a  p rey  which has an escape  
in  s iz e  from a l l  b u t th e se  a s te r o id s  and p o s s ib ly  la rg e  l o b s te r s .
To summarize th e  f i e l d  feed in g  r e s u l t s ,  A. v u lg a r is  i s  a 
g e n e r a l i s t  p re d a to r ,  p rey in g  upon many sp e c ie s  th a t  a re  a v a i la b le  in  
each community. A v a i la b i l i ty  i s  c o n s id e red  in  term s o f  p re sen ce  o r 
absence o f p rey  s p e c ie s ,  as  w e ll as w hether o r  n o t th e  a s te r o id  can 
m echan ica lly  e a t  i t .  There a re  few er a s te r o id s  fe ed in g  a t  18 m, in
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a l l  s i z e s ,  r e l a t i v e  to  th e  su rro u n d in g  a r e a s .  The r e s u l t s  o f  th e  
a n a ly s is  o f  p rey  e a te n  by a l l  s iz e  c la s s e s  o f  A. v u lg a r is  show a s e r i e s  
o f s p e c ia l iz a t io n s  on s p e c i f i c  prey/com m unity . The s p e c ia l i z a t io n s  
a re  t i g h t e s t  a t  th e  s m a l le s t  and l a r g e s t  s i z e s .  Table IV-17 and 
F igure  I V - 9 summarize th e  feed in g  d a ta  f o r  a l l  s i z e  c la s s e s  in  th e  
th re e  a re a s  and d em onstra tes  th e  d if f e r e n c e s  betw een s iz e  c la s s e s  as  
w e ll as  betw een a r e a s .
L ab o ra to ry  R e s u l t s . L ab o ra to ry  s tu d ie s  were done on th e  fe e d in g  
of A. v u lg a r is  by s tu d e n ts  in  a  Sea G ran t sponsored  p r o je c t s  co u rse  under 
my d i r e c t io n .  L arry  McEdward (H u lb e rt e ^  ad , 1976) in v e s t ig a te d  th e  
prey p re fe re n c e s  and consum ption r a te s  o f  A. v u lg a r is  on a  v a r ie ty  o f 
p rey . John Duclos (L u ll  e t  a l ,  1979) in v e s t ig a te d  th e  s iz e  p re fe re n c e  
and consum ption r a te s  o f  A. v u lg a r is  on M y tilu s  e d u l i s . Both s tu d ie s  
were done in  th e  UNH Zoology D ept, en v iro n m en ta l c o n t r o l ,  s e a  w a te r 
room a t  12-14°C . B inary  ch o ice  ex p erim en ts  fo r  p rey  p re fe re n c e  showed 
th a t  th e  th re e  b iv a lv e  sp e c ie s  were h ig h e s t  in  p re fe re n c e  o f  th e  p o t e n t i a l  
s u b t id a l  p rey  (T able  IV -1 7 ). B arn ac le s  and M y tilu s  were found to  be 
h ig h ly  p r e f e r r e d  and would be tak en  unequ ivocab ly  o ver a l l  o th e r  p rey  
l i s t e d  in  T able IV -17. The n e x t fo u r  p rey  w ere p r e f e r r e d  w ith  no 
d if fe re n c e  betw een them a s  a group in  p re fe re n c e . The c a te g o r ie s  from 
number 7 to  15 were consumed o n ly  i f  th e re  were no o th e r  c h o ic e . Con­
sum ption r a t e  ex p erim en ts  in  1976 showed (T able  IV -18) A. v u lg a r is  
consumed an average  o f  1-2  b a rn a c le s ,  m u sse ls  o r  lim p e ts  p e r  day , w ith  
a h ig h  v a r i a b i l i t y  in  fe e d in g  r a t e s .  B arn ac le s  were e a te n  f a s t e r  by 
sm all in d iv id u a ls ,  w h ile  m ussels and lim p e ts  were e a te n  s l i g h t l y  f a s t e r  
by la rg e  in d iv id u a ls .  More s p e c i f i c  ex p erim en ts  in  1979 of consum ption 
r a te s  on m ussels u t i l i z e d  th re e  s iz e  c la s s e s  o f m u sse ls  (T ab le  IV-19)
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and 4 to  5 cm a s t e r o id s .  The l a r g e s t  s i z e  c la s s  (7 -8  mm) o f m usse ls  
was r a r e ly  co m p le te ly  consumed in  th e  la b o r a to r y ,  in  a  p ro c e ss  which 
took 3-5 d ay s. The s m a l le s t  m u sse ls  (1-2  cm) were co m p le te ly  consumed 
in  about f iv e  h o u rs . The s m a l le s t  s iz e s  were v e ry  h ig h ly  p r e f e r r e d  in  
th e  ch o ice  ex p erim en ts  o v e r th e  la rg e  in d iv id u a ls  which were n ev e r 
touched in  th e  same e x p e r im e n ts . In  a  number o f  in s ta n c e s  A. v u lg a r is  
chipped th e  s h e l l s  o f  th e  sm a ll m ussels to  g a in  e n t r y .  The la b o ra to ry  
experim ents showed th a t  th e re  was a  d i r e c t  r e l a t io n s h ip  betw een m ussel 
s iz e  and s iz e  o f a s te r o id  p r e d a to r ;  A. v u lg a r i s  i s  l im i te d  in  maximum 
prey s iz e  by i t s  m ech an ica l fe e d in g  a b i l i t i e s .  I t  was p re d ic te d  th a t  
l a r g e r  p re d a to rs  would ta k e  l a r g e r  p re y , which i s  b o m  o u t by th e  f i e l d  
o b se rv a tio n s .
Thus, th e  la b o ra to ry  r e s u l t s  showed a s tro n g  p re fe re n c e  f o r  
b a rn a c le s  and b iv a lv e s  as  p rey  and f u n c t io n a l  l im i t a t i o n s  to  fe e d in g  
r e la te d  to  th e  s iz e  o f  th e  a s t e r o id .  The f i e l d  r e s u l t s  showing pack 
feed ing  o f m id -s iz e d  in d iv id u a ls  may be a  b e h a v io ra l  a d a p ta t io n  to  
circum vent th e  fu n c t io n a l  l im i t a t i o n s  o f  th e  s iz e  c l a s s .
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Table IV -12 . Feeding D ata Summarized and E xpressed  as  P e rc e n tag e s  1 
f o r  A. v u l g a r i s .
Prey
B iv a lv ia  ( t o t a l )  
H ia te l la  a r c t i c a  
M odiolus m odiolus 
M ytilus  e d u l is  
O ther 
C ir r ip e d ia  
C rustacea  
D e tr i tu s  
E chinoidea 
E c to p ro c ta  
G astropoda (T o ta l)  
Lacuna v in c ta  
Colus spp . 
Hydrozoa 
O phiuroidea 
P o ly ch ae ta  (T o ta l)  
S p iro rb is  spp. 
Other 
P o lyp lacophora  
T un ica ta
U n id e n tif ie d  and 
m isc.
(8 m)
25 .4  
<1




2. 8  
1.0
9 .1  
12 .7
10 .5  













































2 .3  








T o ta l % 
feed ing 5 1 .9 33.7 5 4 .3
T o ta l o b s e r­
v a tio n s  (N) 1632 847 876
% Overlap? 68 . 0% 47.2%
52.4%
1 -  Number o f  Feeding O b se rv a tio n s /P rey  „  ^
T o ta l Feeding O b se rv a tio n s
2 = O verlap i s  th e  sum o f  th e  low er p e rc e n ta g e s  o f  each  o v e rla p in g  p rey
and i s  e s s e n t i a l l y  a  s i m i l i a r i t y  in d ex  (W h ittak er and F a irb a n k s , 1959).
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Table IV -13. Feeding  d a ta  summarized and ex p re ssed  a s  p e rcen tag es^  
fo r  sm all A. v u lg a r is  and L e p ta s te r ia s  s p . l  (< 1 cm).
Prey 8 m 18 m 30 m
A. v u lg a r is L e p ta s te r ia s  sp .
B iv a lv ia  (SPAT) 31.8 44 .9 34.2 15.3
C rustacea 0 6 .4 4 .9 3 .0
D e tr i tu s 0 0 0 35 .1
E chinoidea 7 .0 1 .3 0 0
E cto p ro c ta 39 .4 1 2 .8 18.2 8 .9
Hydrozoa 12.7 6 .4 2 1 .8 2 2 .8
P o ly ch ae ta  (T o ta l) 5 .6 19.2 17 .8 12 .9
S p iro rb is  sp . 3 .5 19.2 14.7 9 .4
U n id e n tif ie d  and m isc . 3 .5 9 .0 3 .1 2 . 0
T o ta l % 89.3 39 .0 61 .0 84 .9
Feeding
T o ta l O b se rv a tio n s  (N) 159 200 369 238
Small A. v u lg a r is  and L e p ta s te r ia s  sp . have 93.9% o v e rla p  in  p rey  
u t i l i z a t i o n  from th e se  d a ta .
^Number o f feed in g  o b s e rv a tio n s /p re y  ^
T o ta l Feeding O b serv a tio n s
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Table IV -14. The c a te g o r ie s  o f  common p rey  and th e  s iz e s  o f 
A. v u lg a r i s  th a t  feed  upon them.
Prey Mean S ize  (cm .)
X SE (N):
B iv a lv ia  (SPAT) .80 .047 (129)
Hydrozoa 1 . 0 1 .154 (78)
E c to p ro c ta 1 .13 .120 (132)
S p iro rb is  sp . 1 .36 .172 (88 )
D e tr i tu s 1.47 .138 (123)
C rustacea 1 .73 .154 (44)
G astropoda 2 .31 .124 (79)
T un icata 2 .39 .139 (42)
P o lychaeta 2.46 .169 (63)
O phiuroidea 3 .10 .188 (30)
A stero id ea 3 .14 .394 (11)
Echinoidea 3 .24 .205 (87)
Polyp lacophora 3 .41 .307 (16)
B iv a lv ia 4 .34 .228 (105)
C ir r ip e d ia 4 .74 .392 (29)
g
* N = The number o f o b s e rv a tio n s  in  each p rey  c a te g o ry .
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Table IV -15. One way ANOVA o f S ize  o f A s te r ia s  v u lg a r is  r e l a t i v e  
to  p rey  c a te g o ry . The a n a ly s is  shows a  s ig n i f i c a n t  
d i f f e r e n c e  in  s iz e  o f th e  a s te r o id  r e l a t i v e  to  p rey  
c a te g o ry .
ANOVA T ab le :
Source d . f . SS MS = S S /d .f . F
Among 14 1464.270 104.591 47.2***
R esid u a l 1041 2306.081 2.215
T o ta l 1055 3770.351
*** = P < .001
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Table IV-16. Feeding P e rc e n ta g e s .P e r  S ize  C lass  o f  A. v u lg a r is  a t  
8 m, 18m and 30 m showing th e  d i f f e r e n c e s  o f feed in g  
by s iz e  and by community.
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Table IV -17. P rey  p re fe re n c e  o f A. v u lg a r i s  from b in a ry  ch o ice  
la b o ra to ry  ex p erim en ts*







1 . B alanus b a la n o id e s  (B arn ac le )
2 . M y tilu s  e d u l i s  (B iv a lv e)
3 . H ia te l l a  a r c t i c a  (B iv a lv e)
4 . Acmaea t e s t u d i n a l i s  (Lim pet)
5 . M odiolus m odiolus (B iva lve)
6 . S tro n g y lo c e n tro tu s  d ro e h b a c h ie n s is
(U rchin)
7 . E le c t r a  p i lo s a  (E c to p ro c t)
8 . Lacuna v in c ta  (G astropod)
9 . O ph iopho lis  a c u le a ta  ( B r i t t l e  s t a r )
10. Cucumaria fro n d o sa (Sea cucumber)
11. A s te r ia s  v u lg a r i s  (A s te ro id )
12. L i t t o r in a  l i t t o r e a  (G astropod)
13. Is c h n o ch ito n  a lb a  (C hiton)
14. Isopoda sp .
15. Amphipoda sp .
*From: H u lb e r t , e t  a l ,  1976, Page 36, ex p erim en ts  were done by L arry
McEdward.
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F ig u re IV- 8  S iz e  o f  A s te r ia s  v u lg a r i s  p lo t t e d  a g a in s t  p rey  
c a te g o r ie s .  D ata p o in ts  a r e  mean v a lu e s  w ith  
s ta n d a rd  e r r o r  t a r s .
1 = B iv a lv ia  (S p a t)
2 = Hydrozoa
3 = E c to p ro c ta
4  = S p ir o r b is  sp .
5 = D e t r i tu s
6 = C ru s tac e a
7 = G astropoda
8 = T u n ic a ta
9 = P o ly c h a e ta
10 = O ph iu ro idea
11 = A s te ro id e a
12 = E ch in o id ea
13 = P o ly p laco p h o ra
14 = B iv a lv ia
15 = C ir r ip e d ia
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F ig u re  IV -9 P ie  d iagram s o f  th e  p e rc e n ta g e s  o f  A s te r ia s  
v u lg a r is  fe e d in g  on th e  15 m ajor p rey  
c a te g o r ie s ,  by s iz e  c la s s  and community.
1 = B iv a lv ia  (S p a t)
2 = Hydrozoa
3 = E c to p ro c ta
4 = S p ir o r b is  sp .
5 = D e tr i tu s
6 = C ru s tac e a
7 = G astropoda
8 = T u n ica ta
9 = P o ly c h a e ta
10 = O phiu ro idea
11 = A s te ro id e a
12 = E ch in o id ea
13 = P o ly p laco p h o ra
14 = B iv a lv ia
15 = Cirripedia




Mid (2-4 cm) large (a- cm)
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3. Flux R ates
The r e s u l t s  o f  th e  ta g g in g  ex p erim en ts  i n i t i a t e d  17 J u ly ,
1978 and 12 Ju n e , 1979 to  de term in e  th e  r a t e  and d i r e c t i o n a l i t y  
of movement o f  A. v u lg a r is  t h a t  were tagged  and re tu rn e d  to  t h e i r  
home community a re  g iv en  below .
There was no ap p a ren t t r e n d  f o r  A. v u lg a r is  to  move in  any 
d ire c t io n  p r e f e r e n t i a l l y  in  any o f th e  th re e  com m unities. They tended  
to  move u n t i l  a s h e l t e r  was found , m o stly  under ro ck s and c r e v ic e s ,
) and a t  8 m they  tended  to  fo llo w  a  sh allow  5 cm. by 5 cm. c rack .
' Once a s h e l t e r  was found they  tended  to  s ta y  th e r e  and n o t move,
j e s p e c ia l ly  a t  30 m.
I The d a ta  on r a t e  o f  movement p e r  dep th  a re  g iv en  in  T able IV -2 0 .
The r a te  o f movement was s i g n i f i c a n t ly  d i f f e r e n t  a t  each  dep th  (P < .0 5 ) .  
A. v u lg a r is  was most a c t iv e  a t  8 m, b u t th e  a c t i v i t y  was o f  a p ro te a n  
n a tu re  such th a t  th e re  was c o n s id e ra b le  back and f o r th  movement o f  th e  
animals, and a f t e r  th re e  d ay s, 56% were re c a p tu re d . At 18 m most o f 
the re le a s e d  a s te r o id s  d isap p e a re d  v ery  qu ick ly , and on th e  t h i r d  day 
only 26% were re c a p tu re d . At 30 m they  moved s lo w ly , most n o t 
moving a t  a l l ,  and a f t e r  th re e  days 58% were re c a p tu re d  w ith in  a  10 m
C:
i; rad iu s  o f th e  r e le a s e  p o in t .  Tagged in d iv id u a ls  a t  30 m were seen
f ■
in  th e  same a re a  r e g u la r ly  f o r  6 months a f t e r  th e  ex p e rim en ts , w hereas 
I they d if fu s e d  much more r a p id ly  a t  8 m and 18 m.
I
• The r e s u l t s  o f  th e  t r a n s p la n ta t io n  ex p e rim en ts , in  which
in d iv id u a ls  from 8 m were tag g ed  and r e le a s e d  a t  18 m and 30 m, were
only q u a l i t a t i v e ly  re c o rd ed . The r e s u l t s  showed th a t  th e  8 m in d iv id u a ls
behaved v e ry  a c t iv e ly  a t  f i r s t ,  much l i k e  they  would in  t h e i r  home 
community. A f te r  about 3 days, however, th ey  appeared  to  ta k e  on th e
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c h a r a c te r i s t ic s  o f  th e  new community, w hich was e s p e c ia l l y  obvious 
a t  30 m where t r a n s p la n ts  w ere a c t iv e  a t  f i r s t ,  th en  s e t t l e d  down and 
a number o f them cou ld  be found f o r  weeks a f te rw a rd  in  th e  same 
p la c e s . At 18 m th e  an im als  d isap p e a re d  v ery  q u ic k ly  as d id  th e  home 
in d iv id u a ls  when they  were tag g ed  and re p la c e d  in  th e  p re v io u s  e x p e r i -
m ent.
The l a r g e s t  in d iv id u a ls  moved th e  g r e a te s t  d is ta n c e s  ( f o r
example, a  28 .0  a s te r o id  moved 400 cm /day), and sm all in d iv id u a ls
moved very l i t t l e  g iv in g  a t r e n d  th a t  was s ig n i f i c a n t  (P < .001)
mainly because o f th e  673 deg rees  o f freedom  in v o lv e d . However, th e
2
trend  was n o t o f  a  p r e d ic ta b le  n a tu re  because  o f  an r  o f  28.6%. About 
a l l  I  can conclude by com paring th e  s iz e  and d is ta n c e  moved by th e  
a s te ro id s  (T able  IV-20) i s  th a t  la r g e r  in d iv id u a ls  have a  g r e a te r  
p o te n t ia l  to  move f a r t h e r  th a n  sm all in d iv id u a ls .
Thus th e  ta g g in g  ex p erim en ts  showed no p r e f e r e n t i a l  d i r e c t io n  
of movement o r  d i f f e r e n t  r a t e s  o f m ovem ent/area. The tag g ed  in d iv id u a ls  
qu ick ly  d isap p ea red  a t  18 m and h a rd ly  moved a t  30 m. T ra n sp la n ts  
quick ly  assumed th e  b e h a v io r o f  th e  new community, and th e  l a r g e s t  
in d iv id u a ls  had th e  p o t e n t i a l  o f  moving th e  f a r t h e s t  d is ta n c e s /d a y .
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Table IV -20. R ate o f A s te ro id  Movement in  Each Community. D is ta n c e s  a re  
I mean r a t e s  p e r  in d iv id u a l  p e r  day.
A. O v e ra ll R ates
Depth Mean D is tan c e  m o v ed /in d iv id u a l
X S .E .
8 109 .44  cmL 5 .70
18 71.645 cm 5 .24
30 37 .944 cm 4 .97
iT he 95% co n fid en ce  l im i t s  do n o t  o v e r la p , th e r e f o r e  th e  r a t e s  a re  
d i f f e r e n t  a t  P < .0 5 .
B. R ates p e r  s i z e  c la s s  o f  A s te ro id .
Depth Mean D is ta n c e /S iz e  C lass
sm all (0-2 cm) med (2-4 cm) la rg e (4-oc cm)
X SD X SD X SD
8 33.0 cm 34.2 90.5 cm 80.1 119.5 86.3
18 29.5 cm 40.2 70.1 cm 77.1 133.5 130.1
30 30.3 cm 61.0 35.9 cm 66.4 77.9 130.9
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4. P re d a to rs  o f  A. v u lg a r is
There a re  4 sy m p atric  a s t e r o id s ,  3 c ra b s , 1 l o b s t e r  and a t  
l e a s t  5 f i s h  s p e c ie s  th a t  have been observed  to  e a t  A. v u lg a r i s .
A s te r o id s .
1 . A s te r ia s  f o r b e s i . O b serv a tio n s  in  th e  f i e l d  and la b  
show c o n c lu s iv e ly  t h a t  A. f o r b e s i  w i l l  chase and p rey  upon A. v u lg a r is  
and th a t  A. v u lg a r is  has  a  w e ll  developed  escape  re sp o n se  to  i t s  con­
gener, im plying an h i s t o r i c a l  a sp e c t to  th e  c o n f ro n ta t io n  as  a  s e le c t iv e  
agent f o r  th e  re sp o n se  to  e v o lv e . A. v u lg a r is  was o b serv ed  c a n n ib a liz in g  
i t s  own s p e c ie s ,  b u t was n e v e r  observed  p rey in g  upon A. f o r b e s i .
A. fo rb e s i  was found (w ith  2 e x ce p tio n s  a f t e r  s to rm s) o n ly  above th e  
summer th e rm o d in e  a t  th e  8 m s i t e .  P resuma b ly  warm w a te r  a d a p ta t io n s  
a llow  i t  to  su rv iv e  e f f e c t iv e ly  when th e  am bient w a te r  warms up in  th e  
summer (F ig . 1 -3 ) .  In  th e  w in te r  i t  was d i f f i c u l t  to  f in d  A. fo r b e s i  
a lthough s e v e ra l  w ere a c t iv e  even a t  0°C. A 2°C in c re a s e  in  am bient 
tem perature  in v a r ia b ly  b ro u g h t o u t many more in d iv id u a ls  (o f la rg e  s iz e )  
in  th e  s p r in g ,  im ply ing  a h ib e rn a t io n  te c h n iq u e . A. fo r b e s i  e a ts  
v i r t u a l ly  i d e n t i c a l  p rey  to  i t s  congener, p r e f e r r in g  m ussels o ver a l l  
e l s e ,  b u t a ls o  ta k in g  g a s tro p o d s  and o p h iu ro id s , and when p r e s e n t ,  a lm ost 
a l l  o th e r  in v e r t e b r a te s .  S ize  and abundance o f A. f o r b e s i  a re  g iven  in  
Tables IV-21 and IV -22. A. f o r b e s i  i s  p re s e n t  in  s im i la r  s iz e s  to  i t s  
congener a t  8 m, b u t i t s  abundance i s  v e ry  low y e a r  round (T able IV -2 1 ), 
showing up in  sam ples on o n ly  5 sam pling d a te s .
Thus, a lth o u g h  t h i s  s p e c ie s  has th e  p o t e n t i a l  o f a f f e c t in g  th e
I; A. v u lg a r is  p o p u la tio n  a t  8 m, because  o f  low abundance, i t s  im pact i s
m inim al.
! .
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Table IV-21. S ize  s t r u c tu r e  and Abundance o f A s te r ia s  f o r b e s i  from












Oct *76 4.55 .55 (2 ) .10 .10 (5)
Nov *76 nd'*' 0 .0 0 . 0 (2 )
Dec *76 ND 0 .0 0 . 0 (6 )
Jan *77 ND 0 . 0 0 . 0 (8 )
Feb *77 1 .8 .60 (2 ) .17 .11 (12 )
A p ril *77 ND 0 . 0 0 . 0 (3)
May *77 1 .7 0 .0 (1) .33 .33 (3)
June *77 ND 0 .0 0 . 0 (3)
Ju ly  *77 2 . 0 .50 (2 ) .67 .66 (3)
Aug *77 1 . 8 0 . 0 (1 ) .07 .07 (15)
June *78 ND 0 .0 0 . 0 (10)
Jan *79 ND 0 . 0 0 . 0 (10)
O verall 2.37 .43 (8 ) .11 .02 (80)
2 —  2 +10m t r a n s e c ts  a t  8m g iv e  r e s u l t s  o f Abundance X = 1.42/lO m  , BE = .16
N = (2 4 ) , S ize  X = 3 .4 4 , SE = .0 7 , n  = (29) ( f o r  in d iv id u a ls  > 3 .0  cm)
2
in  = number o f  in d iv id u a ls  m easured from .25m q u a d ra ts
2
2 N = number o f .25m q u a d ra ts  c o l le c te d
tND = No d a ta  were c o l le c te d  on s iz e  because no A. f o r b e s i  were 
c o l le c te d  in  sam ples.




2 . L e p ta s te r la s  sp . O ccurring  in  h ig h  d e n s i t i e s  (up to
2
200/m ) a t  18 m, b u t in  reduced  numbers a t  8 m and 30 w, th e  sm all 
(< 1 cm )aste ro id  has s e v e ra l  p o s s ib le  i n te r a c t io n s  w ith  A. v u lg a r i s .
On two o ccasio n s  I  o bserved  L e p ta s te r la s  sp . ( .7  cm and .8  cm) p rey in g  
upon sm all ( .5  cm) A. v u lg a r is  b u t I  n e v e r o b served  th e  o p p o s ite  i n t e r ­
a c tio n . Small A. v u lg a r is  o c cu rred  on th e  buoy l i n e  a t  one m ete r o f f  
the  bottom  a t  th e  18 m s it%  im plying  th a t  they  do s e t t l e  and m e ta - 
morphase a t  18 m, a lth o u g h  th ey  a re  r a r e  on th e  bo ttom . P o s s ib ly  t h i s  
i s  due to  L e p ta s te r la s  s p . p re d a tio n  on th e  sm all A. v u lg a r i s , th u s  
a c tin g  as a  l a r v a l  f i l t e r .  The d ie t  o f  L e p ta s te r la s  sp . i s  v e ry  s im i la r  
(Table IV-14) to  sm all A. v u lg a r is  (93.9% o v e r la p ) .  In  v e r t i c a l  
com m unities, I  r e g u la r ly  observ ed  L e p ta s te r la s  s p . p rey in g  upon 
brachiopods (T e re b ra tu l in a  s e p t e n t r i o n a l i s ) . Very l i t t l e  i s  known o f 
brachiopod b io lo g y  and I  b e lie v e  t h i s  i s  one o f th e  few reco rd ed  
o b serv a tio n s  o f  a  b rach io p o d  p re d a to r  (see  a ls o  Mauzey e t  ^  1968 f o r  
E v a s te r ia s  t r o s c h e l i i ) .
L e p ta s te r la s  sp . i s  a b ro o d e r . In d iv id u a ls  can be found 
brooding 10-18 embryos from November to  l a t e  March. Only a  few members 
(< 30%) appear to  be b rood ing  a t  any tim e . The 1 mm ju v e n i le s  c raw l 
away from th e  a d u l t  a f t e r  ab so rb in g  th e  y o lk  s t a l k .  At 3 mm a number 
of th e se  sm all sea  s t a r s  develop gonads, which a re  yellow  and can be 
seen through th e  body w a l l .  At 3 -4  mm th ey  may produce 3 to  5 la rg e  
yolky eg g s, and by 5-6 mm they  ap p ear f u l l y  m ature  and can produce 15-18 
eggs. The eggs a re  e a s i ly  seen  and counted  th rough  th e  body w a l l .
Often 5 mm anim als have n o t y e t  developed  gonopores. I  have observed  
eggs w ith in  th e  stom ach, su g g e s tin g  a body w a ll ru p tu re  to  r e le a s e  th e  
eggs, a lth o u g h  I  have no f irm  ev idence  o f  t h i s .  When brood ing  em bryos.
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L e p ta s te r la s  sp . ap p ears  to  fo llo w  th e  s ta n d a rd  developm en ta l fo rm at 
as seen in  Chia (1964) f o r  L e p ta s t e r l a s  h e x a c t i s .
L e p ta s te r la s  sp . i s  p re s e n t  in  h ig h  d e n s i t i e s ,  e a t s  th e  same 
food, and th e re  i s  d e p re ssed  fe e d in g  a t  18 m (T able  IV-13) su g g e s tin g  
I  a prey l im i t a t i o n .  To some e x te n t  i t  w i l l  a l s o  p rey  upon A. v u l g a r i s .
There i s  th u s  c o n s id e ra b le  ev id en ce  f o r  a  p o t e n t i a l  c o n t r o l l in g  e f f e c t  
o f the  L e p ta s te r la s  sp . p o p u la tio n  on A. v u lg a r is  a t  18 m. The e f f e c t  
would be most s tro n g ly  f e l t  on th e  s m a l le s t  s iz e s  o f  A. v u l g a r i s , as  
they s e t t l e d  in to  th e  community where L e p ta s te r la s  sp . was a lre a d y  w e ll 
e s ta b lis h e d . The b rood ing  re p ro d u c tiv e  s t r a te g y  i s  g ea red  to  m ain­
ta in in g  th e  p o p u la tio n  in  th e  im m ediate v i c i n i t y j  th u s  once th e  sp e c ie s  
e s ta b lis h e d  i t s e l f ,  i t  cou ld  p o t e n t i a l l y  ex c lu d e  sm all A. v u lg a r is  
e i th e r  by d i r e c t  co m p e titio n  f o r  food o r  a s  a  l a r v a l  f i l t e r .  Nubble 
L ight and M alaga Gut p o p u la tio n s  a t  18 m in  s i m i l i a r  com m unities 
provide n a tu r a l  com parisons w ith  L e p ta s te r la s  s p . b e in g  a b s e n t .  At b o th  
a reas the  abundance and s i z e  o f  A. v u lg a r is  i s  h ig h e r  (T ab le  IV -6 ,
Appendix E) th an  th e  e s tim a te d  p o p u la tio n  o f A. v u lg a r is  a lo n e  a t  th e  
re sea rch  s i t e  (F ig u re  IV -8 ) , a g a in  su g g e s tin g  a su p p re s s iv e  e f f e c t  
due to  L e p ta s te r la s  s p .
3 . C ro s s a s te r  p ap p o su s. I t  was o n ly  en co u n te red  in  th e  
30 m community (T ab le  IV -22) a s  p a r t  o f  th e  d eeper fau n a  in  th e  G ulf 
of Maine. Hancock (1974) has shown t h i s  sp e c ie s  to  be a  s p e c i a l i s t  
on A s te r ia s  ru b e n s , a  v e ry  s im i la r  sp e c ie s  to  A. v u lg a r is , in  England.
On the  West C oast o f th e  U .S. C ro s s a s te r  i s  an o p is th o b ra n c h  p re d a to r  
(B irk e lan d , 1974, Mauzey e t  a l .  1968). I  have observed  p re d a tio n  by 
C ro ssa s te r  on A. v u lg a r i s , b u t I  have a ls o  o bserved  i t  p re y in g  upon 
u rc h in s , b iv a lv e s ,  o p h iu ro id s , h y d ro id s , and o th e r  a s t e r o id s .  A. v u lg a r is
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shows a w e ll developed escap e  re sp o n se  to  C ro s s a s te r  Im plying th a t
p re d a tio n  p re s s u re  has e x is te d  h i s t o r i c a l l y  as  a s e le c t iv e  fo r c e .
In the  G ulf o f  M aine, C ro s s a s te r  i s  n o t a s p e c i a l i s t  on A. v u lg a r is  ;
le s s  than  20% o f th e  feed in g  o b s e rv a tio n s  w ere on a s t e r o id s .  The
feeding  d a ta  i s  in c o n c lu s iv e  how ever, because  C ro s s a s te r  i s  r e l a t i v e l y  
2
ra re  (< 1 /30  m ) and l e s s  th an  100 feed in g  o b s e rv a tio n s  were made du rin g  
the  s tu d y . Thus, a lth o u g h  C ro s s a s te r  has th e  p o t e n t i a l  to  a f f e c t  A. 
v u lg a r is  p o p u la tio n s  as  a  p r e d a to r ,  i t  does n o t s p e c ia l i z e  on a s te r o id s  
as prey  and i t  i s  r e l a t i v e l y  r a r e  in  th e  community.
4. S o la s te r  en d ec a . I  have observ ed  S o la s te r  p re y in g  
upon A. v u lg a r is  on 2 o c ca s io n s  a t  18 m and 30 m (T able  IV -2 2 ). Both 
prey were 6-8  cm and were a lm o st a s  la rg e  as th e  S o la s t e r . S o la s te r  
feeds p r im a r i ly  on se a  cucumbers (> 95%), p red o m in an tly  P so la s  f a b r i c i i , 
but a lso  Cuc"m aria f ro n d o sa . P so la s  i s  found ab u n d an tly  on v e r t i c a l  
and h o r iz o n ta l  s u b s t r a t e s ,  betw een 18 and 30 m e te rs  and th e  d i s t r i b u t i o n  
of S o la s te r  fo llo w s  th e  p rey  c lo s e ly .  S o la s te r  ap p ea rs  to  e a t  o n ly  1 
P so las a t  a  tim e and ta k e s  s e v e ra l  days to  com plete i t s  m eal. In  
g en era l th ey  d o n 't  move much in  a  g iv en  a re a ;  I  have been o b se rv in g  two 
la rg e  in d iv id u a ls  t h a t  haven ’ t  moved more th a n  10 m e te rs  in  over 2 
years  a t  th e  18 m s i t e .  I t  ap p ea rs  t h a t  when P so la s  a re  n o t a v a i l a b le ,  
S o la s te r  fo ra g e s  w ith in  th e  M odiolus clumps f o r  Cucumaria and A. v u l g a r i s . 
S o la s te r  o ccu rs  in  a range o f s i z e s ,  in c lu d in g  a  number o f  la rg e  20-25 
cm in d iv id u a ls .  Between 18-30 m d ep th  th ey  a re  most common, av e rag in g  
1-2/30 m^.
W hile S o la s te r  has th e  p o t e n t i a l  to  a f f e c t  A. v u lg a r i s  pop u la ­
t io n s ,  they  p rey  p red o m in an tly  upon se a  cucum bers.
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N o n -A ste ro id s .
.1 .  C rabs. A ll  3 common crab  s p e c ie s ,  C arc in as  m aenas, 
Cancer i r r o r a t u s  and Cancer b o r e a l i s  (T able IV -22) have been o b served  
I; e a tin g  A. v u lg a r is  (p e rso n a l o b se rv a tio n s  AWH). L ab o ra to ry  s tu d ie s
6'' (H a rr is , p e rso n a l com m unication; H u lb e rt e t  a l ,  1976) showed th a tI| ;  m ussels and u rc h in s  were h ig h ly  p r e f e r r e d  as  food  by a l l  3 s p e c ie s ,
BÏ w hile  a s te r o id s  were n o t p r e f e r r e d .  Crabs a r e  e s p e c ia l ly  common
II a t  8 m, u t i l i z i n g  th e  Chondrus as  an e f f e c t iv e  re fu g e , w h ile  a t  18 m
f
I and 30 m in d iv id u a ls  a re  r a r e  (T ab le  I I - l ) . The c ra b s  a re  h ig h ly
f sea so n a l, be ing  a c t iv e  o n ly  in  th e  warmer m onths. In  w in te r  th ey  burrow
in to  sm all sand d e p o s its  betw een b o u ld e rs  and in  c re v ic e s  where they
I
[■ appear to  h ib e rn a te  f o r  th e  w in te r .  At 8 m th e  c rab s  ( th e re  a re  many
5 sm all in d iv id u a ls )  a re  a c t iv e  d u rin g  b o th  day and n ig h t ,  w h ile  a t  18 m
i; and 30 m they  a re  p r im a r i ly  n o c tu rn a l ,  p o s s ib ly  due to  th e  Chondrus
Ë
I s h e l t e r  a t  3 m and b e h a v io ra l  d if f e r e n c e s  o f  th e  l a r g e r  in d iv id u a ls
t:-
found a t  18 m and 30 m. Crabs may p la y  an im p o rtan t r o le  a t  8 m in
i V '
c o n tro l l in g  th e  u rc h in  p o p u la t io n s , which would o th e rw ise  c le a r  th e
I Chondrus and e l im in a te  th e  re fu g e . A lthough th ey  w i l l  e a t  a s t e r o id s ,
f-.
they don’ t  p r e f e r  them and p ro b ab ly  don’ t  p rey  upon them to  any e x te n t ,  
i Gut c o n te n ts  from  th e  8 m s i t e  showed th a t  u rc h in  and b iv a lv e  p rey  a re
Ï. in g e s ted  by th e  c r a b s ,  b o th  o f  which o v e rla p  w ith  th e  p rey  o f m id -s iz e
j: A. v u lg a r is  (T ab le  IV-14 and F ig u re  IV -1 1 ), b u t p rey  d on’ t  ap p ear to  be
I a l im it in g  re so u rc e  a t  8 m.
I Crabs do o c c a s io n a lly  p rey  upon A. v u lg a r is  and th e re  i s  d e f i n i t e
prey o v e r la p . However, p rey  d e n s ity  does n o t ap pear l im i t in g  a t  8 m, 
where m ost o f  th e  c rab s  a r e ,  so i t  does n o t ap p ear l i k e l y  th a t  com peti­
tio n  OT p re d a tio n  from c ra b s  i s  an im p o rtan t f a c to r  a f f e c t in g  A. v u lg a r is
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p o p u la tio n s . The s tro n g ly  se a so n a l and d iu rn a l  a c t i v i t i e s  o f  th e  c rab s  
compound on a n a ly s is  o f  t h e i r  long  term  im pact on th e  com m unities.
X 2 . L o b s te r . Homarus am ericanus i s  r a r e  a t  a l l  3 s i t e s
(Table IV-22) b u t th e  a re a  i s  prim e lo b s te r  h a b i t a t .  The I s l e s  o f 
Shoals su p p o rt a  la rg e  lo b s te r in g  in d u s try  and th u s  th e  r a r i t y  o f 
lo b s te rs  i s  p robab ly  d i r e c t l y  r e l a t e d  to  th e  in te n s e  f is h in g  p re s su re  
(> 40,000 lo b s te r  p o ts  around th e  i s l a n d s ) .  Homarus i s  a  la r g e  and 
e f f i c i e n t  p re d a to r  which ap p ears  to  have a  s tro n g  p re fe re n c e  f o r  u rc h in s , 
b iv a lv es  and c rabs (L. H a r r is ,  p e rso n a l com m unication ; H u lb e rt e t  a l ,
1976). The in te r a c t io n s  o f  lo b s te r  and u rc h in  a re  w e ll documented 
by Breen and Mann (1976) and ap p ea r to  h o ld  a t  the  I s l e s  o f  S h o a ls . 
L obsters a re  a p p a re n tly  cap ab le  o f  c o n tr o l l in g  u rc h in  p o p u la tio n s , 
allow ing a  k e lp  f o r e s t  to  develop r e s u l t in g  in  h ig h e r  p r o d u c t iv i ty .
With such heavy f is h in g  p re s s u re  on lo b s t e r s ,  th e  u rc h in s  a re  in c re a s in g  
in  both  s iz e  and abundance. At some a re a s  o f  th e  I s l e s  o f S hoals they  
have s tr ip p e d  form er k e lp  f o r e s t s  to  bedrock  and c ru s to s e  c o r a l l in e  
a lg ae , which i s  a  v e ry  d ram a tic  s h i f t  in  community s t r u c tu r e .
I  have observed  Homarus e a t in g  b o th  la rg e  and sm all A. v u lg a r is  
in  the  f i e ld  and la b .  A 2 cm sea  s t a r  can be consumed in  l e s s  th an  30 
seconds, w h ile  l a r g e r  (7 -8  cm) p rey  ta k e  lo n g e r  and u s u a lly  au to to m ize  
the limb b e fo re  th e  whole anim al i s  e a te n .  A. v u lg a r is  i s  a  p r e fe r r e d  
prey o f lo b s te r s  in  th e  la b o ra to ry ,  b u t a t  tim es th ey  d id  c o e x is t  fo r  
long p e r io d s . When u rc h in s , c rab s  o r  b iv a lv e s  a re  p r e s e n t , Homarus 
appears to  p r e f e r  them over a l l  o th e r  c h o ic e s , a lth o u g h  in  th e  la b o ra to ry  
none o f the  p rey  o f fe re d  were found to  be u n accep tab le  to  th e  lo b s t e r .
|i Homarus i s  p redom inan tly  a n o c tu rn a l  an im al, c a p tu r in g  la r g e  in v e r te b r a te s
I
a t n ig h t and b r in g in g  them back to  i t s  den f o r  l a t e r  consum ption. They
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are  r a re  a t  a l l  3 s i t e s  d u ring  th e  w in te r .  W hether th ey  m ig ra te  o r  
h ib e rn a te  i s  n o t known, a lth o u g h  i t  i s  su sp e c ted  they  move in to  d eeper 
w aters in  th e  w in te r .
Thus, th e  lo b s te r  i s  an im p o rtan t p o te n t i a l  p re d a to r  on A. v u lg a r i s , 
They a re  a lso  p o te n t i a l  c o m p e tito rs  because  they  e a t  s im i la r  p rey  to  th e  
la rg e  a s te ro id s  (m ostly  b iv a lv e s ) ; how ever, la r g e  b iv a lv e s  and u rc h in s  
are  abundant. I f  th e  lo b s te r s  a re  a f f e c t in g  th e  p o p u la tio n s  o f  a s te r o id s  
i t  i s  as a p re d a to r ,  b u t I  have seen  l i t t l e  ev id en ce  o f t h i s  in  th% 
f i e ld .  Most o f th e  rem ains around lo b s te r  dens a re  b iv a lv e ,  c ra b , 
and u rch in  p a r ts , and a lth o u g h  a s te r o id  p a r t s  w ouldn’ t  show up, th e
r
o th e r rem ains in d ic a te  p re d a tio n  on o th e r  s p e c ie s .  L o b s te rs  a re
2
r e la t iv e ly  r a r e  (< 1/500 m ) even in  th e  summer m onths, so i t s  p o te n t i a l  
e f fe c t  on A. v u lg a r is  i s  s t ro n g ly  a t te n u a te d  by i t s  s e a s o n a l i ty ,  low 
abundance, and e a t in g  o f a l t e r n a t e  p re y .
r-
3. F is h . As m entioned e a r l i e r  a la r g e  number o f  sp e c ie s  
of bottom feed in g  f i s h  a re  p re s e n t  a t  th e  3 re s e a rc h  s i t e s  (T ab le  IV -2 2 ). 
The f i s h  a re  h ig h ly  s e a so n a l in  o c c u rre n c e . In  th e  l a t e  s p r in g  th ey  
begin an upward m ig ra tio n  and can be tra c k e d  a t  30 m, th en  18 m, and 
one to  two weeks l a t e r  a t  8 m. L arger in d iv id u a ls  a re  u s u a lly  found 
a t  30 m and th e  sm all a t  8 m o f  a l l  f i s h  s p e c ie s .  In  l a t e  November 
; when the  am bient w a te r  tem p e ra tu re  d ro p s , a  downward m ig ra tio n  o f th e
r
; f is h  i s  a p p a re n t. D uring th e  c o ld e s t  months they  a re  a b se n t from th e
I
I
3 s i t e s .  Sm all f i s h  ap p ear to  u t i l i z e  th e  a lg a l  canopy a t  8 m much l ik e
the in v e r te b r a te s ,  as s h e l t e r  and f o r  fo ra g in g . D uring th e  warmest
p a r ts  o f the  y e a r (F ig u re  I I - 3 )  h igh  d e n s i t i e s  o f f i s h  may occur
e sp e c ia lly  a t  18 m and 30 m. Gunner a re  th e  most abundant f i s h  w ith
2
average d e n s i t ie s  o f  200/25m b e in g  reco rd ed  a t  18 m and 30 m. Gunner
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are  ex trem ely  v o ra c io u s  when m ost ab u n d an t, p ic k in g  a t  an y th in g  s t i r r e d  
loose on the  bo ttom . I  have observ ed  them p ic k in g  in v e r te b r a te s  from 
the s u b s tr a te  and I  have fed  them sm all A. v u lg a r i s  which th ey  r e a d i ly  
accep t. When l e s s  abundant th ey  a r e  n o t as  l i k e l y  to  ta k e  sm all 
a s te r o id s .
Gut c o n te n ts  o f cunner tak en  from th e  re s e a rc h  s i t e  show a wide 
range o f sm all in v e r te b r a te s  a r e  ta k e n . Cunner p ic k  a t  th e  bottom  
in  a head down p o s i t io n ,  u s in g  th e  p r o je c t in g  f r o n t  t e e t h  to  p lu ck  
in v e r te b ra te s  from th e  s u b s t r a t e .  The honey and v e ry  rough pharynx 
then m acera tes  most p re y . In  t h i s  manner cunner e a t  l im p e ts  (L. H a r r i s ,  
pe rso n al communication) sm all s n a i l s ,  c ra b s , u rc h in s , b r i t t l e  s t a r s ,  
po lychaetes  and alm ost an y th in g  sm all s i t t i n g  on a  h o r iz o n ta l  s u b s t r a t e .  
The p o te n t ia l  e f f e c t  o f t h i s  one s p e c ie s  on th e  com m unities i s  
s u b s ta n t ia l ,  c o n s id e rin g  i t s  abundance and h ig h  m e ta b o lic  r a t e  (D. C. 
Edwards, p e rso n a l com m unication). I t s  e f f e c t  on A. v u lg a r is  i s  p ro b ab ly  
minimal, s in c e  a s te r o id s  a re  n o t a c c e p ta b le  as  p rey  in  la b o ra to ry  t e s t s  
(H ulbert ejt a l ,  1976) and ap p ea r to  be ta k en  o n ly  in c id e n ta l l y  to  th e  
p re fe rre d  p re y .
The o th e r  f i s h  p r e s e n t ,  w in te r  f lo u n d e r ,  e e l  p o u t, cod, and 
w o lff ish  a l l  a c t  s im i la r ly  to  th e  cu n n er, b u t th ey  a re  n o t p re s e n t in  
as h igh  d e n s i t i e s .  E e l p o u t a re  p re s e n t  y e a r-ro u n d  and a r e  th e  on ly  
la rg e  f i s h  c o n s is te n t ly  o bserved  in  th e  w in te r .  Stomach c o n te n ts  o f 
a l l  th e  bottom  fe e d in g  f i s h  c o n ta in  la r g e  numbers o f  i n v e r t e b r a te s ,  
predom inantly  o p h iu ro id s , u rc h in s ,  and p o ly c h a e te s . A s te ro id s  a re  
commonly p re s e n t  in  low numbers in  th e  g u t c o n te n ts  o f  a l l  o f  th e  f i s h ,  
but a re  p ro b ab ly  ta k en  in c id e n t ly  to  th e  in te n d e d  p re y . F lounder 
p ick a t  th e  bottom  and suck in  p rey  somewhat s e l e c t i v e l y ,  w hereas th e
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o th e r f i s h  suck in  l a r g e r  q u a n t i t i e s  o f  an im als  a t  a  t im e . C odfish  
e sp e c ia lly  sc rap e  and suck in  s u b s t a n t i a l  q u a n t i t i e s  o f in d is c r im in a te  
h o r iz o n ta l community as th ey  plow in to  an a r e a .  Sm all f i s h  a re  u s u a lly  
much more s e le c t iv e  in  fe e d in g  than  l a r g e r  in d iv id u a ls  (R. L angton , 
p e rso n al com m unication), im ply ing  a p o s s ib le  fu n c t io n a l  l im i t a t i o n  to  
feeding by s i z e .  Large f i s h  q u i te  o f te n  a re  s p e c ia l iz e d  as in d iv id u a ls ,  
in  th a t  t h e i r  g u ts  w i l l  be f u l l  o f  one type  o f p re y , w hereas a n o th e r  
in d iv id u a l may be f u l l  o f  a n o th e r .  The s p e c ia l i z a t io n  may sim ply  be
a fu n c tio n  of the  ty p e  o f community where th ey  fe e d , re p re s e n tin g  th e
prey a v a i l a b i l i t y  o f  th a t  community.
Thus, th e  f i s h  have a  g r e a t  p o t e n t i a l  f o r  d i r e c t l y  a f f e c t in g
A. v u lg a r is  p o p u la tio n s  as p r e d a to r s ,  b u t th ey  ap p ear to  tak e  a s te r o id s  
only in c id e n ta l l y .  F ish  m ost c e r t a in l y  a f f e c t  th e  community s t r u c tu r e ,  
which in  tu rn  s e c o n d a r ily  a f f e c t  th e  a s te r o id  p o p u la tio n s  w ith in  th e  
com m unities.
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I Table IV -22. Summary D ata on th e  P re d a to rs  o f  A. v u l g a r i s .
Species Community D en sity S ize Comments
S.D.
(R e la t iv e  to
S.D. A. v u lg a r is )
A stero id s
A s te r ia s  fo rb e s i
L e p ta s te r la s  sp,
C ro ssa ste r
papposus







.142/mT .78 4 .0 0  2 .6 0




5 .9 5  3.95
15.262 11 .50
-H igh food 
o v e rla p  
-Summer
-E ats  A. v u lg a r is  
-Low d e n s ity  
-H igh food 
o v e rla p  
-y e a r-ro u n d  
- l a r v a l  f i l t e r  
-h ig h  d e n s i ty  
-H igh food 
o v e rla p  
-Y ear-round  
-E ats  A. v u lg a r is  
-Low d e n s ity  
- P r e f e r s  sea  
cucumbers (99%) 
-Y ear-round  
-E a ts  A. v u lg a r is
Carcinus maenas 8 m
Cancer i r r o r a tu s  18 m
Cancer b o r e a l i s  30 m
Lobster
Homarus am ericanus 8 m
18 m 
30 m
F is h l
( * .30/m ^) a l l  s iz e s
(< 1/500 m'") a l l  s iz e s
-H igh food 
o v e rla p  
-n o c tu rn a l 
-Summer
-N ot a c c e p ta b le  
p rey
-H igh food 
o v e rla p  
-n o c tu rn a l  
-Summer
- P re fe r r e d  p rey  




8 m up to  200/25m 
18 m a t t r a c t e d  by
30 m a c t i v i t y
a l l  s iz e s -Summer
-N ot a c c e p ta b le  
p rey  
-H igh d e n s i t i e s
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Table IV-22 (c o n t. 
Species
)
Community D en sity  
X S.D.




Morhua c a l l a r i a s 18 m a t t r a c t e d  by Large -E a ts  u rc h in s .
(codfish) 30 m a c t i v i t y o p h iu ro id s  &
p o ly c h ae te s
-Summer
Macrozoarces 8 m ra re  (<l/500m ^) Large -E a ts  u rc h in s
americanus 18 m -Y ear-round
(e e l pout) 30 m
Psuedopleuronectes 8 m a t t r a c t e d  by Large -E a ts  o p h iu ro id s
americanus 18 m a c t i v i t y & p o ly c h ae te s
(flounder) 30 m -Summer
Anarchichas 8 m ra re  (<l/500m ^) Large -E a ts  u rc h in s
lupus 18 m -Summer
(w o lffish ) 30 m
1 All of the fish appear to take A. vulgaris only incidentally to the 
intended prey.
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5. N a tu ra l H is to ry
S ev e ra l o th e r  sp e c ie s  o f a s te r o id s a r e  p re s e n t  in  th e  3 
communities th a t  do n o t e i t h e r  p rey  upon o r  compete w ith  A. v u lg a r is  
(Table IV -2 3 ). H e n ric ia  s a n g u in o le n ta , H ip p a s te r ia  p h y r ig ia n a , 
L e p ta s te r la s  l i t t o r a l i s , P o ran ia  i n s i g n i s , Pt e r a s t e r  m i l i t a r i s  and 
S te p h a n as te ria s  a lb u la  do n o t  ap p ear to  be im p o rtan t to  A. v u lg a r i s .
B rie f  d e s c r ip t io n s  o f  each a re  g iv en  below fo r  com pleteness in  
d e sc rib in g  th e  a s te r o id s  o f  rocky com m unities a t  th e  I s l e s  o f  S h o a ls .
H e n r ic ia . H e n ric ia  i s  common a t  a l l  3 s i t e s  and i s  th e  on ly  
a s te ro id  o th e r  than  A. v u lg a r i s  w hich o ccu rs  in  most sam ples (T able IV -24, 
IV -25). An a n a ly s is  o f i t s  s iz e  and abundance by m u lt ip le  re g re s s io n  
m ethods, as d e sc r ib e d  e a r l i e r ,  re v e a le d  no s ig n i f i c a n t  d if f e r e n c e s  due 
to  depth o r  season  on th e  p o p u la tio n  s t r u c tu r e .  I t  ap p ea rs  to  be 
homogeneously d isp e rse d  th ro ughou t a l l  3 com m unities w ith  no s ig n i f i c a n t  
tren d s  observed  in  th e  r e s u l t s  ( F ig 's  IV -10, I V - U ) .  There was a h ig h ly  
s ig n i f ic a n t  c o r r e la t io n  betw een th e  s iz e  o f th e  d is c  to  arm in  H e n ric ia  
(Log S ize  D isc = .0729 + 0 .511  Log le n g th  arm, P < .0 0 1 , r^  = 76.8%, 
d . f .  = 5 5 ).
H e n ric ia  has  been a  s u b je c t  o f some c o n tro v e rsy  in  th e  l i t e r a t u r e .  
O bservations and la b o ra to ry  t e s t s  have shown (A nderson, 1960; Rasmussen, 
1965) th a t  i t  i s  a  su sp en sio n  fe e d e r  and i s  w e ll adap ted  fu n c t io n a l ly  
fo r  c i l i a r y  fe e d in g . O ther o b s e rv a tio n s  (V a sse ro t, 1962) have shown 
th a t i s  a  c a rn iv o re , a c t iv e ly  consuming m a c ro - in v e r te b ra te  p rey  
(sp o n g es). I  have reco rd ed  many feed in g  o b se rv a tio n s  o f  H e n ric ia  a t  th e  
3 re sea rc h  s i t e s .  Many in d iv id u a ls  were undoubted ly  su sp en sio n  fe e d in g , 
as they were lo c a te d  upon a lg a e  o r  o th e r  exposed p o in ts  w ith  t h e i r  arms 
extended to  th e  w a te r  c u r r e n ts .  However, I  have a ls o  n o t ic e d  a t  l e a s t
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2 o th e r  feed in g  b e h a v io r s . H e n ric ia  was o f te n  found c l e a r ly  a s s o c ia te d  
w ith  sponges; they  have th e  same p ig m e n ta tio n  and a re  found w ith in  
c a v i t i e s ,  which ap p ea r to  have been e a te n  in to  th e  sponge. The sponges 
H alichondria  sp . and H a lic lo n a  s p . ap p ea r to  be m ost o f te n  u t i l i z e d .
Also, in  g u t c o n te n ts  o f  12 one cm. in d iv id u a ls ,  I  have found sponge 
sp ic u le s  in  a l l .  I t  ap p ea rs  t h a t  H e n r ic ia  e a t s  spon g es , and does n o t 
ju s t  u t i l i z e  i t s  c u r re n ts  as  a  commensal a s  Rasmussen su g g es ted  (1965).
I  a lso  observed  i t  e a t in g  o th e r  in v e r t e b r a te s .  For exam ple, in  th e  
w in te rs  o f  1978 and 1979 numerous H e n r ic ia  w ere p rey in g  upon 2-4  cm. 
d iam eter u rc h in s ,  u s u a lly  in  packs o f  3-4 in d iv id u a ls /u r c h in .  Y ear-round 
they can be found e a t in g  e c to p r o c ts ,  S p i r o r b i s , and sm all b iv a lv e s .
In  a l l  cases th e re  was co n v in c in g  ev id en ce  o f  damage to  th e  p rey  th a t  
could be a t t r i b u t e d  d i r e c t l y  to  H e n r ic ia . U npublished r e s u l t s  from 
Monterey Bay, Ca. where I  was a b le  to  q u a n t ify  th e  fe e d in g  o f  H e n r ic ia  spp. 
showed app ro x im ate ly  36% w ere feed in g  on e c to p r o c ts  and tu b e  worms 
(H u lbert, in  p r e p . ) .  T hus, H e n ric ia  ap p ea rs  to  have th e  s im u ltan eo u s  
p o te n t ia l  to  su sp en sio n  fe e d  o r  to  a t t a c k  l a r g e r  p re y . R ecru itm en t 
in  H e n ric ia  ap p ea rs  to  be v e ry  p a tc h y . I  have ob serv ed  them brood ing  
in  mid-summer in  d i f f e r e n t  lo c a t io n s  in  d i f f e r e n t  y e a r s .  The on ly  
year I  observed  b rood ing  a t  th e  re s e a rc h  s i t e  was d u rin g  1979.
L e p ta s te r la s  l i t t e r a l i s  i s  found sh a llo w  on v e r t i c a l  w a lls  and 
i s  o f te n  in  narrow  c re v ic e s  (T ab le  IV -2 3 ). I t s  d i s t r i b u t i o n  i s  p a tc h y , 
m issing from whole l o c a l i t i e s ^  and q u i te  common a t  o th e r s  ( i . e .  Nubble 
L ig h t) . L. l i t t e r a l i s  consumes sm all b iv a lv e  s p a t ,  g a s tro p o d s , and 
u rc h in s . I t  b roods in  m id -w in te r  w ith in  sm a ll c rack s  o f  v e r t i c a l  w a l ls .
The rem ain ing  4 s p e c ie s  o f  a s te r o id s  observed  d u rin g  th e  s tu d y  
are  a l l  r e l a t i v e l y  r a r e  and o ccu r o n ly  below  30 m a t  th e  I s l e s  o f





Shoals (T able IV -2 3 ). A ll were found o n ly  on h a rd  s u b s t r a t e .  H ip p a s te r ia  
ph y rig ian a  h as  been observed  e a t in g  s o f t  c o ra ls  (G ersem ia) and se a  anemones 
r,- (M etrid ium ). I  c o l le c te d  on ly  3 specim ens from 1976 to  1980 a t  th e  30 m
site*, they  m easured 1 5 .0 , 8 .4 , and 7 .5  cm. The s p e c ie s  i s  more abundant 
in  o th e r deep lo c a l  com m unities. An e x p la n a tio n  f o r  t h e i r  absence  a t  th e  
30 m s i t e  i s  la c k in g , s in c e  s o f t  c o ra ls  (G ersem ia and C la v a la r ia ) and 
I  anemones (M etridium  and T e a l ia ) a re  ab u n d an t.
P o ran ia  in s ig n is  was a ls o  r a r e  a t  th e  30 m s i t e .  A t o t a l  o f  6
I'-
in d iv id u a ls  were observed  from 1976 to  1980. Two o f  th e se  w ere
c o lle c te d  (10 .5  cm w eigh ing  162 .1  grams w et w e ig h t and 12 .5  cm w eighing
185.5 grams w et w e ig h t) .  One 1 6 .4  cm in d iv id u a l  was observed  a t
J e f f r i e s  Ledge. Two o f  th e  P o ra n ia  were e a t in g  a  mounding sponge on
h o r iz o n ta l  s u b s t r a te  (p o s s ib ly  a  C ra n ie l la  sp /) The s p e c ie s  i s  n o t/
re g u la r ly  re p o r te d  from o th e r  a re a s  in  th e  G ulf o f  Maine by d iv e rs  o r  
from fish e rm en ’ s n e t s ,  and th e  c e n te r  o f i t s  d i s t r i b u t i o n  i s  unknown.
P te r a s t e r  m i l i t a r i s  was o f te n  seen  (once/m onth) on b o u ld e rs  and 
v e r t i c a l  w a lls  a t  th e  30 m s i t e .  S ix ty p ic a l  in d iv id u a ls  w ere c o l le c te d  
(4 .0 , 4 .0 , 2 .7 ,  2 .5 ,  3 .3 , 2 .3  cm) o f th e  ap p ro x im a te ly  30 o b se rv ed . A ll 
of the in d iv id u a ls  w ere sm all, which made feed in g  o b s e rv a tio n s  d i f f i c u l t .
:-
However, th e y  appeared  to  be d i r e c t  d e p o s it  f e e d e r s .  P t e r a s t e r  a t  
E a s tp o rt, Maine and on th e  West C oast o f  th e  U.S. e a t s  sponges (L arry
H a rr is , p e rs o n a l o b s e r v a t io n ) .
;
S te p h a n a s te r ia s  a l b u l a . The s p e c ie s  i s  v e ry  r a r e  a t  th e  30 m
E
|b s i t e  (2 o b s e r v a t io n s ) , b u t i s  i s  an im p o rtan t component o f o th e r  deep
sub t i d a l  rocky  com m unities. At J e f f r i e s  Ledge i t  i s  th e  m ost common
a s te ro id  a t  30 m and 42 m (averag ing  6 . 9 / . 25m w ith  a  mean s iz e  o f  .65 cm j, 
feeding  on sm a ll b iv a lv e s . I  su sp e c t i t  i s  more common a t  th e  I s l e s  o f
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Shoals in  deeper w a te r . S te p h a n a s te r ia s  i s  i n t e r e s t i n g  because  i t  i s  a 
f is s ip a ro u s  a s te r o id ,  and gonads have n e v e r been d isco v e re d  in  th e  sp e c ie s . 
I t  reproduces e n t i r e l y  by re g e n e ra tin g  arms, and v i r t u a l l y  every  in d iv id u a l  
has 2, 3, o r  4 d i f f e r e n t  s iz e s  o f arms in  d i f f e r e n t  s ta g e s  o f re g e n e ra ­
tio n . In d iv id u a ls  have 1 -8  arms w ith  no c o n s is te n t  p a t t e r n .
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Species Community D ensity S ize Comments
X
H enric ia




.69 /  .25m 
1 .12/.25m 2 
.37/.25mt
1 .07  cm -No tre n d s  to  d i s -  
.85 cm t r i b u t io n
1 .72  cm -S u sp en sio n  fe e d e r
and p re d a to r  
-Broods young
H ip p a s te ria
p h y rig ian a
30 m r a re 10 .3  cm - -Deep w a te r  sp e c ie s  
-P reys on s o f t -  
bod ied  in v e r te ­
b ra te s
L e p ta s te r la s
l i t t e r a l i s
8 m p a tch y -
r a r e
v e r t i c a l
w a lls
2—3 cm - -Shallow  w ater 
sp e c ie s
-P reys on sm all 
b iv a lv e s  and 
g as tro p o d s  
-Broods young 
in  c re v ic e s
Porania
in s ig n is
30 m r a r e 1 3 .1  cm - -Deep w a te r 




P te ra s te r  30 m
m i l i t a r i s
S te p h a n as te ria s  30 m
a lb u la
r a re
r a r e
3 .1  cm -
. 6#
1 da ta  from J e f f r i e s  Ledge n o t  I s l e s  o f Shoals,
-Deep w a te r 
sp e c ie s
-P robably  a  d i r e c t  
d e p o s it  fe e d e r
-Deep w a te r  sp e c ie s  
-Preys on sm all 
b iv a lv e s  
- f is s ip a r o u s
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Table IV -24. Abundance o f  H e n ric ia  s a n g u in o le n ta  from .25m q u a d ra ts  













Oct ’ 76 1 .00 .52 (5) 1.75 1.24 (2 ) .50 .05 (5)
Nov ’76 0 .0 0 . 0 (2) 3 .50 1 .50 (2 ) .25 .14 (3)
Dec ’ 76 .17 .17 (6) ND 2 ND
Jan '77 .25 .16 (8) 1 .75 1 .1 0 (4) ND
Feb ’ 77 .13 .04 ( 12) .33 .28 (4) .13 .13 (2 )
A pril ’ 77 1 .33 1 .32 (3) 1 .50 .50 (2 ) .33 .40 (3)
May ’ 77 .67 .33 (3) .50 .50 ( 2 ) ND
June '77 1 .0 .57 (3) 0 .0 0 . 0 (3) .50 .26 (5)
Ju ly  '77 2 .0 .57 (3) .50 .49 (2 ) .71 .18 (7)
Aug '77 1 .06 .42 (15) .50 .49 (2 ) .50 .50 (4)
June '78 0 .0 0 . 0 ( 10) .50 .27 ( 10 ) .40 .22 (10)
Jan '79 .70 .39 ( 10) 1 .50 .45 (10 ) .50 .49 (2 )
O verall .69 .07 (80) 1 .12 .16 (40) .37 .03 (41)
I n = Number o f .25m q u a d ra ts  c o l le c te d  
2 ND = No d a ta  w ere c o l le c te d
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Table IV -25. S ize  s t r u c tu r e  o f  H e n r ic ia  s a n g u in o le n ta  from .25m 







X SE (N) 1 X SE (N) X SE (N)
Oct '76 .92 .10 (19) .88 .01 (14) 2 . 6 0 . 0 ( 1 )
Nov '76 ND^ .76 .02 (27) 1 .6 6 .33 (3)
Dec '76 .17 0 .0 ( 1) ND ND
Jan '77 1.05 1 .50 (2 ) .95 .12 (7) ND
Feb '77 1.03 .24 (3) 1 .30 0 . 0 (1 ) 2 .2 0 . 0 (1 )
A pril '77 1 .02 .21 (4) .87 .09 (3) 1 .7 0 . 0 (1 )
May '77 1.45 .25 (2 ) .70 0 . 0 (1 ) ND
June '77 2 .13 .39 (3) ND 2 . 2 0 1 . 2 (2 )
July '77 .78 .06 (6 ) 1 .0 0 0 . 0 (1 ) 1 .02 .26 ( 8 )
Aug '77 .97 .04 (16) .50 0 . 0 (1 ) 1 .15 .91 (2 )
June '78 ND .90 .08 (5) 2 .16 .64 (6 )
Jan '79 1 .2 1 .19 (7) .69 .05 (15) .80 0 . 0 (1 )
O verall 1 .07 .06 (63) .85 .02 (75) 1 .72 .12 (25)
% = Number o f  in d iv id u a ls  m easured from .25m^ q u a d ra ts
ND = No d a ta  w ere c o l le c te d




FlgioreIV-10 Abundance of Henricia sanguinolenta at 8m, iBm 
and 30m for 9 complete sampling dates. Data 
points are mean values with standard deviation 
bars.
1 = O ct. 1976
2 = Nov. 1976
3 = F eb . 1977
4 = April 1977
5 = June 1977
6 = J u ly  1977
7 = Aug. 1977
8 = June 1978
9 = Jan. 1979
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FigureIV-11 Size structure of Henricia sanguinolenta at 8m, 
18m and 30m for 9 complete sampling dates.
Data points and mean values with standard 
deviation Tsars.
1 = Oct. 1976
2 = Nov. 1976
3 = Feb. 1977
4 = April 1977
5 = June 1977
6 = July 1977
7 = Aug. 1977
8 = June 1978
9 = Jan. 1979
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The p u rpose  o f t h i s  s tu d y  was to  in v e s t ig a te  th e  p o p u la tio n  
I s t r u c tu r e ,  fe e d in g  b io lo g y , r a t e s  o f  movement, and p re d a to r  i n t e r ­
a c tio n s  o f  A. v u l g a r i s , a  common lo c a l  a s te r o id ,  w ith in  s e le c te d  su b -  
t i d a l  com m unities a t  the  I s l e s  o f  S h o a ls , N.H. Three com m unities a t  
8 m, 18 m and 30 m on th e  exposed SE s id e  o f  S ta r  I s la n d  were chosen 
as ty p ic a l  o f  s u b t id a l  zones in  th e  G ulf o f  M aine. A ll  o f  th e  a s p e c ts  
in v e s t ig a te d  were found to  m a in ta in  s t a b l e  d i f f e r e n c e s  in  th e  th r e e  
communities d u rin g  th e  p e r io d  o f th e  s tu d y .
The 18 m community ap p ea rs  anomalous f o r  s e v e r a l  re a so n s  r e l a t i v e  
to  th e  su rro u n d in g  8 m and 30 m com m unities: 1 . The p o p u la tio n  d e n s i ty
o f A. v u lg a r is  i s  d e p re s se d , b u t g ia n t  in d iv id u a ls  (> 20 cm) a re  on ly  
found a t  18 m; 2 . The p ro p o r t io n  o f  th e  p o p u la tio n  fe e d in g  i s  low er a t  
18 m; 3. Tagged and r e le a s e d  in d iv id u a ls  le a v e  th e  a re a  much more 
q u ick ly  a t  18 m; and 4 . A sm a ll s p e c ie s  o f  L e p ta s te r i a s  i s  p re s e n t  a t  
18 m in  h ig h  d e n s i ty .  What i s  c o n t r o l l in g  th e  A. v u lg a r i s  p o p u la tio n s  
to  m a in ta in  th e  observ ed  d i f f e r e n c e s ,  and what i s  th e  r o le  o f  th e  
sp ec ie s  in  th e  th r e e  com m unities?
P rev io u s  s tu d ie s  o f  a s te r o id s  have been m o stly  l im i te d  to  la b o ra to ry
o b s e rv a tio n s , i n t e r t i d a l  s p e c ie s  o r  dredged spec im ens. In  c o n t r a s t ,
r.
I f i e l d  and s u b t id a l  p o p u la tio n s  a re  p o o rly  known. The m ajo r s u b t id a l
I a s te r o id  su rv ey s  a re  th o se  o f  B irk e lan d  (1 9 7 4 ), Dayton e t  ^  (1 974),
Dayton e ^  ^  (1 9 7 7 ), and Mauzey e t  ^  (1 9 6 8 ). These su rv ey s  were
108




conducted over â  b road  range o f  lo c a t io n s  and d e p th s . O thers  have 
in v e s t ig a te d  A. v u lg a r is  in  s im i la r  com m unities b u t have o n ly  d e a l t  
w ith  th e  i n t e r t i d a l  and sh a llo w  s u b t id a l  (A nnala , 1974; Menge, 1976,
1978a, 1978b, 1979). Such s tu d ie s  a re  l im i te d  to  what i s  p ro b ab ly  
the  most s u c c e s s fu l  h a b i t a t  o f A. v u lg a r is  in  term s o f  abundance, 
s i z e ,  b iom ass, fe e d in g  a c t i v i t y ,  r a t e  o f  movement and la c k  o f  p r e d a to r s .  
Deeper p o p u la tio n s  ap p ea r to  be much more s t r e s s e d  f o r  food and from 
p o te n t ia l  c o m p e tito rs  and p r e d a to r s .  The p re s e n t  s tu d y  i s  un ique in  
th e  coverage o f  a l l  s i z e s  o f  a l l  a s te r o id s  a t  th r e e  a d ja c e n t  s u b t id a l  
lo c a t io n s  o v e r a  p e r io d  o f  f iv e  y e a r s .
P o p u la tio n  S tru c tu re
Almost n o th in g  i s  known o f  p o p u la tio n  l im i t a t i o n s  in  A. v u l g a r i s .
I  agree  w ith  van V alen ’s s ta te m e n t (1973) th a t  most e v o lu tio n a ry  s t r a t e g i e s  
a re  r e la te d  to  body s i z e .  Body s iz e  in  A. v u lg a r is  i s  d i r e c t l y  r e l a t e d  
to  re p ro d u c tiv e  o u tp u t;  th e  l a r g e r  th e  an im a l, th e  h ig h e r  i t s  fe c u n d ity  
(C. W alker, in  p re s s ;  p e rs o n a l com m unication; Sm ith , 1940). Body s iz e  
a lso  s e t s  l im i t s  to  p re d a t io n ,  th a t  i s ,  i t  s e t s  a  th re s h o ld  beyond 
which a p rey  s p e c ie s  i s  s a f e  from f u r th e r  p re d a tio n -c a u s e d  m o r t a l i t y .
This a p p l ie s  to  p re d a tio n  on A. v u lg a r is  a s  w e ll as i t s  e f f e c t s  on p rey  
sp ec ie s  (se e  Schoener 1 9 6 9 a ).
As an in d e te rm in a te  g row er, A. v u lg a r is  body s i z e  may r e f l e c t  
lo c a l  c o n d i t io n s . The ob serv ed  p o p u la tio n  d i f f e r e n c e s  in  s i z e  can be 
co n sid e red  as dynamic e q u i l i b r i a .  The av erage  lo c a l  s i z e  r e f l e c t s  a 
complex in te rd ep en d en ce  betw een s i z e - r e l a t e d  m e ta b o lic  n e ë d s , p o p u la tio n  
d e n s ity , c h a r a c t e r i s t i c s  o f  th e  p re y , th e  p re d a to r s ,  and th e  p h y s ic a l  
env ironm ent. P a ine  (1976) b e l ie v e s  P i s a s t e r  o ch raceus a ls o  a d ju s ts
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i t s  s iz e  and grow th to  lo c a l  re so u rc e s  in  th e  i n t e r t i d a l  a re a  o f  
W ashington, and he su g g e s ts  th a t  th e  c o n s ta n t s t a r f i s h  d e n s i t i e s  he 
has observed  a re  r e l a t e d  to  g r e a t  lo n g e v ity  and low m o r ta l i ty .  There 
i s  v i r t u a l l y  no f i e l d  d a ta  a v a i la b le  on lo n g e v ity  o f  a s te r o id s .
Although th ey  a re  p ro b ab ly  cap ab le  o f  long l i f e ,  t h i s  i s  n o t what I 
would p r e d ic t  f o r  f i e l d  p o p u la tio n s  in  r ig o ro u s  en v iro n m en ts . However, 
the  sp a rse  re c ru itm e n t I  o b se rv ed , th e  la c k  o f  s iz e  c la s s e s  and th e  
s ta b le  p o p u la tio n s  su g g es t lo n g - l iv e d  in d iv id u a ls .
Pa ine  (1976) has n o ted  th a t  where P i s a s t e r  i s  uncommon, r e l a t i v e
I
to  i t s  re s o u rc e s , i t  a t t a i n s  a  l a r g e r  body s i z e ,  w h ile  a t  h ig h e r  d e n s i t i e s  
i t  i s  s m a lle r .  The same p a t t e r n  appears  in  A. v u lg a r i s . At 18 m, where 
th e re  a re  th e  few est A. v u l g a r i s , th o se  th a t  a re  p re s e n t  a re  th e  l a r g e s t  
(> 20 cm). However, re so u rc e s  have to  be c o n s id e red  r e l a t i v e  to  s iz e  
c la s s e s ,  s in c e  A. v u lg a r is  i s  a  s iz e - l im i te d  p re d a to r ,  and la rg e  p rey  
a re  abundant in  t h i s  community. C le a r ly  th e  argum ent cou ld  become 
ta u to lo g ic a l .
The s m a lle s t  P i s a s t e r  a re  g e n e ra l ly  4-7 cm, which co rresp o n d s 
to  th e  la rg e  s iz e  c la s s  o f  A. v u lg a r i s . Very l i t t l e  i s  known o f th e  
sm all s iz e s  o f  P i s a s t e r ; what i s  known i s  only  f o r  i n t e r t i d a l  a re a s  
(P aine , 1976). The la rg e  number o f sm all a s te r o id s  which c o n s t i tu te  
the  m a jo r ity  o f  th e  s t a r f i s h  in  t h i s  s tu d y  a re  a p p a re n tly  unique in  
 ^ com parison to  o th e r  com m unities. The sm all body s iz e s  observed  in  an
in d e te rm in a te  grow er su g g es t l im i t a t i o n s  to  g row th , keep ing  th e  average
?'■
lo c a l  s iz e s  sm a ll.
Biomass m easurem ents o f  most m arine in v e r te b r a te s  ten d  to  be 
h ig h ly  v a r ia b le  b o th  betw een and w ith in  s p e c ie s  and p o p u la tio n s . The 
d if f e r e n c e s  in  a s te r o id  biom ass m easurem ents a re  due to  many f a c to r s .
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e sp e c ia lly  w a te r  c o n te n t ,  re p ro d u c tiv e  s t a t e ,  number o f  re g e n e ra tin g  
arms, amount o f  c a l c i f i c a t i o n ,  and amount o f s to re d  n u t r i e n t s .  A 
se p a ra te  e s tim a te  sh o u ld  be o b ta in e d  f o r  each p o p u la tio n  s tu d ie d  s in c e  
many o f  the  above v a r ia b le s  a re  community im posed. P a in e  (1976) has 
shown th a t  i n t e r t i d a l  P i s a s t e r  p o p u la tio n s  a re  d i f f e r e n t  in  b iom ass, 
bu t a g iven  p o p u la tio n  rem ains rem arkably  c o n s ta n t o ver tim e . This 
I i s  probab ly  th e  r e s u l t  o f  th e  dynamic e q u ilib r iu m  s iz e  o b ta in e d  by an
f  in d e te rm in a te  grow th sp e c ie s  in  a g iven  community. Menge (1979) has
pub lish ed  biom ass e s tim a te s  f o r  A. v u lg a r is  which a re  much too  h ig h , 
even when th e  in h e re n t  v a r i a b i l i t y  i s  c o n s id e re d  (se e  Appendix F ) .
The re g re s s io n  form ula  I  have p re se n te d  i s  fo r  a l l  th r e e  d ep th s  and 
s u f fe rs  from th e  v a r i a b i l i t y  m entioned above, as w e ll  as th e  se a so n a l 
d if fe re n c e s  in  A. v u lg a r is  p ro p o r t io n s .  However, a c tu a l  m easurem ents 
o f biomass a re  c lo se  to  my p re d ic te d  v a lu e s  (Appendix F ) .
Feeding B iology
There i s  l i t t l e  d a ta  on a s te r o id s  in  th e  s u b t id a l  where con­
tinuous feed in g  i s  p o s s ib le .  A. v u lg a r is  has a  c a th o l ic  d i e t ,  con­
suming a wide v a r ie ty  o f s iz e s  and sp e c ie s  o f  p re y . In  fe e d in g , a t  
l e a s t ,  i t  i s  an r  s t r a t e g i s t  on th e  r  and K continuum  (P ian k a , 1970).
The e v o lu tio n  o f a  g e n e r a l i s t  can occu r f o r  a t  l e a s t  th re e  rea so n s  
(Schoener, 1969b, 1971): 1 . D iffe re n c e s  in  th e  abundances o f  p rey
between a re a s ;  2 . D iffe re n c e s  in  th e  clumping o f  p re y ; o r  3 . The 
prey  have la rg e  f lu c tu a t io n s  in  abundance w ith in  a r e a s . A ll th re e  ev o lu ­
tio n a ry  p re s su re s  have c e r t a in l y  been imposed upon A. v u lg a r i s , when i t s  
geographic  and dep th  d i s t r i b u t io n s  th roughou t a lm ost a l l  f u l l y  m arine 
b e n th ic  com m unities in  th e  G ulf o f  Maine a re  c o n s id e re d . The g e n e ra l 
u n p r e d ic ta b i l i ty  o f p re y , b o th  tem p o ra lly  and s p a t i a l l y ,  has undoubtedly
I
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been a s tro n g  s e le c t iv e  fo rc e  tow ard p re d a tio n  on a  w ide v a r ie ty  o f  
p rey . A ll models o f  fo rag in g  p r e d ic t  th a t  u n r e l ia b le  p rey  abundances 
lead  to  an in c re a s e  in  th e  range o f  p rey  ta k e n . A feed in g  g e n e r a l i s t  
by d e f in i t io n  (S choener, 1969b, 1971) h a s ; 1. a w ide range o f  food 
ty p es; 2 . a wide v a r ia n c e  o f  food ty p e s ;  and 3. a  wide range o f b eh av io r 
in  feed in g .
A. v u lg a r is  i s  a  fo ra g in g  p re d a to r ,  fe ed in g  p r im a r i ly  on s e s s i l e  
p rey . The a s te r o id  ap p ea rs  to  be l im ite d  in  i t s  fe ed in g  a c t i v i t y  
only by p h y s ic a l f a c to r s  and p rey  a v a i l a b i l i t y  to  th e  d i f f e r e n t  s iz e  
c la s s e s .  I t  s to r e s  ex cess  energy  in  th e  p y lo r ic  caecae  and gonads (W alker, 
in  p r e s s ) ;  th e  more th a t  i t  e a t s ,  th e  h ig h e r  i t s  fe c u n d ity . The s p e c ie s  
conforms to  th e  Schoener model (1969b, 1971) o f an Energy m axim izer 
where tim e i s  l im i t i n g ,  in  t h i s  case  due to  wave a c t io n  and tem p e ra tu re  
d is tu rb a n c e . Many a s te r o id s  ap p ear to  be Energy m axim izers th a t  pu rsu e  
o r sea rch  f o r  p rey  and e v a lu a te  i t  on ly  a f t e r  c a p tu re  (Dayton e_t a l ,
1977; Mauzey e £  a l , 1968; Menge, 1972). The f i e l d  feed in g  r e s u l t s  
of th i s  study  a t  8 m and 30 m show s im i la r  feed in g  p ro p o r tio n s  o f  th e  
p o p u la tio n s  to  o th e r  s tu d ie s  (most l i t e r a t u r e  fe ed in g  r a te s  a re  a p p ro x i­
m ately  50%). The feed in g  p ro p o r tio n s  a re  low a t  18 m, a p p a re n tly  due 
to  lo c a l ly  low food a v a i l a b i l i t y .
S iz e -S e le c t iv e  P re d a tio n
A ste ro id  p rey  alm ost alw ays have a  s iz e - r e fu g e  beyond w hich they  
a re  too  la rg e  to  be k i l l e d  by an in d iv id u a l  p r e d a to r .  Many s tu d ie s  
have in v e s t ig a te d  th e  s iz e  r e la t io n s h ip s  o f  a s te r o id s  and t h e i r  p rey  
(B irk e lan d , 1974, Dayton e t  a l ,  1974; Mauzey e t  a l ,  1968; Menge, 1972; 
P a in e , 1974, 1977; R osen thal and Chess, 1972), b u t to  my know ledge, no




study has in c lu d e d  th e  f u l l  ran g e  o f a s te r o id  s i z e s .  The s m a l le s t  s iz e s  
a re  u s u a lly  n o t found and canno t be e f f e c t iv e ly  c o n s id e re d , o r  th ey  a re  
n e g le c te d  due to  th e  sam pling d i f f i c u l t i e s  in v o lv e d . The d i f f e r e n c e s  in  
prey o f A. v u lg a r is  a t  8 m, 18 m and 30 m (F ig u re  IV-11) r e f l e c t  th e  
en v iro n m en ta lly  induced  s e l e c t i v i t y  (se e  Murdock, 1969) th a t  body s iz e  
s e ts  to  p re d a t io n ,  c r e a t in g  a th re s h o ld  beyond w hich th e  p rey  i s  s a fe  
from p re d a to r-c a u s e d  m o r t a l i t y .  A p rey  in d iv id u a l  can become too  
la rg e  to  be k i l l e d  by an in d iv id u a l  p r e d a to r .
L ab o ra to ry  ch o ice  ex p erim en ts  show a s tro n g  p re fe re n c e  by A. v u lg a r is  
fo r  m u sse ls , and Landenburger (1968) has shown a  s im i la r  s tro n g  p re ­
fe ren ce  by P i s a s t e r  f o r  m u sse ls . P i s a s t e r  has th e  a b i l i t y ,  by a s s o c ia ­
t iv e  le a r n in g ,  to  in c re a s e  b o th  i t s  s e l e c t i v i t y  and r a t e  o f  consum ption 
of m ussels (L andenburger, 1966, 1968). P rey p re fe re n c e s ,  s p e c ia l i z a t io n s  
and le a rn in g  can on ly  occu r in  th e  la rg e  s iz e s  w hich have th e  f u n c t io n a l  
a b i l i t y  to  consume a v a r ie ty  o f p re y . S m alle r s i z e s  a re  l im ite d  by 
s i z e - s e l e c t i v i t y  to  v e ry  few p re y .  The s tro n g  s e l e c t i v i t y  o b served  in  
th e  f i e l d  r e s u l t s  o f  t h i s  s tu d y  (F ig u re  IV-11) a re  a  r e s u l t  o f  th e  many 
sm all in d iv id u a ls ,  and th e  r e l a t i v e l y  few p rey  in  each  community a v a i la b le  
to  a s p e c i f i c  s iz e  a s t e r o i d . ’ The l a r g e s t  in d iv id u a ls  in v a r ia b ly  p rey  
upon b iv a lv e s  s u b t id a l ly ,  su g g e s tin g  c lo se  c o r r e l a t io n  o f th e  la b o ra to ry  
and f i e l d  r e s u l t s ,  f o r  th o se  in d iv id u a ls  th a t  w ere n o t s i z e - l i m i t e d .
Large P i s a s t e r  have a m in im ally  a c c e p ta b le  s i z e  o f  m ussel (P a in e ,
1976), w h ile  my la b o ra to ry  ex p erim en ts  on A. v u lg a r is  (L u ll e ^  1979) show 
they  p r e f e r  th e  s m a l le s t  s iz e s  o f  m u sse l, no m a tte r  how b ig  th ey  g e t .
I t  i s  p o s s ib le  th a t  t e s t s  o f s t i l l  l a r g e r  in d iv id u a ls  would y ie ld  
s im i la r  r e s u l t s  to  P i s a s t e r . b u t i t  i s  a ls o  p o s s ib le  th a t  A. v u lg a r is




may n o t e n e r g e t ic a l ly  be a b le  to  r e j e c t  any p rey  e n co u n te re d , due 
to  th e  u n p re d ic ta b le  n a tu re  o f  th e  p rey  and th e  env ironm ent.
Schoener (1969a) h as  su g g es ted  th a t  l a r g e r  an im als should  
e a t a g r e a te r  v a r ie ty  o f  p re y . T his p r e d ic t io n  h o ld s  t r u e  o n ly  
fo r  sm all and m id -s iz e d  A. v u lg a r i s . w hich a re  s t ro n g ly  s i z e - l i m i t e d .  
However, th e  l a r g e s t  in d iv id u a ls  have b e h a v io ra l  m o d if ic a t io n s ,  shown 
as feed in g  p re fe re n c e s ,  w hich narrow  th e  p rey  v a r i a b i l i t y .  Both th e  
s iz e  o f the  p re d a to r  and th e  s iz e  o f th e  p rey  a re  im p o rtan t so u rc es  
o f v a r i a b i l i t y .
Feeding in  packs by m id -s iz e d  in d iv id u a ls  (2 -4  cm) may be a 
b eh av io ra l a d a p ta t io n  to  a l l e v i a t e  th e  fo ra g in g  r e s t r i c t i o n s  o f  s iz e  
norm ally a s s o c ia te d  w ith  t h i s  s iz e  c l a s s .  Schoener (1971) has su g g es ted  
and many have shown (see  K liem an, 1966, f o r  dogs) th a t  in  many cases  
in c re ase d  group s i z e  may a llo w  an in c re a s e  in  th e  s iz e  o f th e  p re y  cap­
tu re d . A. v u lg a r is  commonly d is p la y s  pack fe e d in g  b e h a v io r a t  18 m on 
M odiolus, where th e re  i s  l i t t l e  p rey  a v a i la b le  f o r  a l l  b u t th e  l a r g e s t  
s iz e s  (> 20 cm), w hich can e a t  M odio lus. Group feed in g  h as  been 
re g u la r ly  observed  a t  o th e r  lo c a t io n s  on la rg e  u rc h in s ,  m u sse ls , 
sand d o l la r s  and c ra b s . I n v e r te b r a te s  do n o t p o sse ss  th e  e la b o r a te  
communication system s th a t  h ig h e r  an im als u s u a l ly  employ f o r  such 
b eh av io r. A s te ro id s  have a v e ry  sim ple  nervous sy stem , few en v iro n m en ta l 
r e c e p to r s ,  few er t r a n s m i t t e r s ,  and shou ld  n o t be cap ab le  o f  w hat i s  a
,i complex b e h a v io r . They may sim ply  be fo llo w in g  a chem ica l g r a d ie n t  to
an in ju r e d  p rey  and co n g reg a tin g  upon i t .  F u r th e r  s tu d ie s  to  e lu c id a te
i'I; the mechanism o f th i s  b e h a v io r c e r t a in ly  ap pear w a rra n ted .
f':
I Menge (1972) and o th e rs  have found th a t  d i f f e r e n t  p rey  o f a
s in g le  sp e c ie s  o f a s te r o id  in  d i f f e r e n t  a re a s  w ere r e l a t e d  to  p rey
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a v a i l a b i l i t i e s .  P rey  a v a i l a b i l i t y  i s  d i f f i c u l t  to  q u a n tify  and p re s e n ts  
many sam pling prob lem s. S u b je c tiv e  im p ressio n s  o f a v a i l a b i l i t y  may be 
h ig h ly  an thropom orphic, w h ile  q u a n t i f i c a t io n  may le a d  to  f irm e r  e s tim a te s  
which a re  j u s t  as u n r e a l i s t i c .  The sam pling p ro ced u res  can be ex trem ely  
time and energy in te n s iv e .  I t  ap p ea rs  t h a t  A. v u lg a r is  consumes p rey  
re la te d  to  a v a i l a b i l i t y  f o r  each  s iz e  c la s s  in  each community, acco rd in g  
to  my " s u b je c t iv e "  im p re s s io n s .
S iz e - l im i te d  p re d a tio n  can le a d  to  a  c o e x is te n c e  o f p rey  and 
p re d a to r  in  th e  same a re a .  The la rg e  s u rv iv in g  p rey  o f te n  have a  h igh  
fecu n d ity  and may seirve as  th e  most im p o rtan t re p ro d u c tiv e  component o f 
th e i r  p o p u la tio n s . P aine  (1976) has sug g ested  th a t  a su re  s ig n  o f a 
s iz e - l im i te d  p re d a to r  i s  a  p o p u la tio n  o f la rg e  p rey  which add to  th e  
v e r t i c a l  s t r u c tu r e  o f th e  community, and he c o n s id e rs  some M ytilu s 
c a l i fo m ia n u s  beds as  in d ic a t iv e  o f  such p re d a tio n  by P i s a s t e r . M ussels 
appear to  have an escape  in  s iz e  from alm ost a l l  A. v u lg a r i s , b u t even 
they cannot escape  p re d a tio n  from packs and g ia n t  in d iv id u a ls .  S iz e -  
l im ite d  p re d a tio n  should  le a d  to  lo c a l ly  la rg e  s iz e  d i f f e r e n c e s  in  
components o f  com m unities. The observed  n a tu re  o f  th e  18 m community 
where th e re  a re  la r g e  m usse ls  in  clum ps, form ing th e  v e r t i c a l  s t r u c t u r e ,  
la rg e  A. v u lg a r i s , and sm all L e p ta s te r ia s  sp . su p p o rt t h i s  p r e d ic t io n ,  
bu t th e  8 m and 30 m com m unities do n o t .  A c o e x is te n c e  o f  p re d a to r  
and p rey  b ased  on d is p ro p o r t io n a te  s iz e s  may o n ly  fu n c tio n  in  a re a s  o f 
l im ite d  p rey  a v a i l a b i l i t y .  Simply o b serv in g  s iz e  d i f f e r e n c e s  w ith in  a 
community say s  n o th in g  o f  th e  developm ent o r dynamic n a tu re  o f  th e  
system ; f o r  exam ple, i t  i s  n o t p o s s ib le  to  t e l l  w hether la rg e  M odiolus 
le d  to  la rg e  A. v u lg a r is  o r  v ic e  v e rs a .
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A sm all L e p ta s te r ia s  s p . ,  observed  to  be an im p o rtan t component 
of the  18 m community, has n o t p re v io u s ly  been re p o r te d  in  th e  G ulf o f  
Maine. L e p ta s te r ia s  a re  g e n e ra l ly  a r c t i c  s p e c ie s  and, as  su ch , can 
probably  t o l e r a t e  more extrem e w in te r  c o n d itio n s  th an  A. v u l g a r i s .
At 18 m L e p ta s te r ia s  s p . was v e ry  abundant in  an a re a  t h a t  I  c o n s id e r  
t r a n s i t i o n a l  betw een a sh allo w  a lg a l  zone and a  deep s e s s i l e  su sp en sio n  
feed er zone; b o th  o f  th e  l a t t e r  zones a re  e x te n s iv e  in  th e  G ulf o f  
Maine. The t r a n s i t i o n a l  a re a  v a r ie s  in  v e r t i c a l  e x te n t  betw een lo c a t io n s ,  
depending on p h y s ic a l  and b i o t i c  f a c to r s ,  and i s  an a re a  o f  e c o lo g ic a l  
re le a s e  f o r  some s p e c ie s  and an a re a  o f s t r e s s  f o r  o th e r s .  M odio lus, 
L e p ta s te r ia s  s p . ,  Buccinum, Agarum, P t i l o t a  and th e  u rc h in s  do w e ll 
in  the  a re a , w h ile  most a lg a e ,  c rab s  and A. v u lg a r is  ap p ea r s t r e s s e d ,  
as in d ic a te d  by low d e n s i t i e s .  The on ly  v e r t i c a l  s t r u c tu r e  in  th e  a re a  
fo r  re fu g e , fo ra g in g , e p ifa u n a  and sed im ent accum ula tion  i s  t h a t  o f 
the  M odiolus clum ps, s in c e  th e  u rc h in s  keep th e  rem ain ing  s u b s t r a te  b u l l ­
dozed down to  th e  c o r a l l in e  a lg a e . P a in e  (1976) found th a t  L e p ta s te r ia s  
h e x a c tis  u ses  th e  v e r t i c a l  s t r u c tu r e  o f  th e  m ussel beds as an a p p a ren t 
refuge  and i s  o n ly  abundant where m ussel beds o f  la rg e  in d iv id u a ls  o f 
M ytilus c a l i fo m ia n u s  a re  p r e s e n t .  The s i t u a t i o n  he d e sc r ib e s  ap p ears  
analogous to  th e  a s s o c ia t io n  o f L e p ta s te r ia s  sp . and M odiolus clumps 
of la rg e  in d iv id u a ls  a t  th e  I s l e s  o f  S h o a ls . The d e n s i t i e s  o f b o th  
L e p ta s te r ia s  sp e c ie s  a re  s im i la r  w ith in  th e  m ussel clumps on b o th  c o a s ts  
of the  U nited  S ta te s .
Paine  (1976) b e l ie v e s  th a t  L e p ta s te r ia s  enhances th e  p r o b a b i l i ty  
fo r  i t s  own p e r s is te n c e  by s im p lify in g  th e  m ussel bed s t r u c tu r e .  I  
b e lie v e  L e p ta s te r ia s  i s  enhancing i t s  s u rv iv a l  by b o th  d e c re a s in g  th e  
food a v a i la b le  to  young A s te r ia s  and by p re y in g  upon th e  r e c r u i t s  o f
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Other s p e c ie s ,  e f f e c t iv e ly  ex c lu d in g  them from th e  lo c a l  a r e a .  P a ine  
suggests  th a t  L e p ta s te r ia s  i s  im p o rtan t in  m a in ta in in g  th e  m ussel clump, 
as an a l t e r n a t e  s ta b le  s t a t e  (P a in e , 1966, 1976; S u th e rla n d , 1974). The 
m ussels grow by chance e scap es  from a s e r i e s  o f  p o te n t i a l  p re d a to rs  
u n t i l  they  a t t a i n  a  re fu g e  in  s i z e .  The r e s u l t a n t  clumps a r e  l e s s  
a t t r a c t i v e  to  o th e r  p r e d a to r s ,  p a r t l y  due to  th e  a c t io n  o f  L e p ta s t e r i a s . 
Nothing i s  known abou t how M odiolus clumps d ev e lo p , b u t t h e i r  b io lo g y  
i s  s im ila r  to  M y tilu s  c a l i f o m ia n u s . I t  seems p la u s ib le  th a t  s im i la r  
in te r a c t io n s  cou ld  le a d  to  th e  developm ent o f  M odiolus clum ps. I f  
the  system  fu n c tio n s  s im i la r ly  f o r  th e  developm ent o f  M odiolus clumps 
and L e p ta s te r ia s  sp . i s  fu n c tio n in g  to  enhance th e  s u r v iv a l  o f th e  
the  clum ps, then  p o s s ib ly  th e  r e s u l t s  o f t h i s  s tu d y  cou ld  e x p la in  why 
th e re  a re  so few sm a ll P i s a s t e r  in  th e  i n t e r t i d a l  o f th e  West C oast. 
L e p ta s te r ia s  sp . ap p ears  to  e f f e c t iv e ly  exclude  A. v u l g a r i s , where 
Modiolus clumps a re  p re s e n t  a t  18 m, by d e c re a s in g  food a v a i l a b i l i t y  
and by d i r e c t  p re d a tio n  on th e  young s ta g e s .  P o s s ib ly  P i s a s t e r  young 
cannot do w e ll in  s i m i l i a r  com m unities, because L e p ta s te r ia s  h e x a c tis  
i s  l im it in g  food and p rey in g  upon them. A. v u lg a r is  fe c u n d ity  i s  much 
h ig h er a t  8 m o u ts id e  the  m ussel clump a re a  based  on th e  biom ass and 
in c re a se d  fe c u n d ity  w ith  s i z e .  A lso , th e  8 m a re a  ap p ears  to  be a 
n u rse ry  a re a  (C. W alker, p e rs o n a l com m unication; p e rs o n a l o b s e rv a tio n s  
AWH). P i s a s t e r  may have s u b t id a l  n u rse ry  a re a s  o u ts id e  o f  th e  m ussel 
clumps, in  a d d it io n  to  th e  l im i te d  i n t e r t i d a l  n u rs e ry  a re a s  (P a in e , 1976). 
Menge (1974) has shown th e  an tagonism  o f P i s a s t e r  on L e p ta s t e r i a s , b u t 
he d id  n o t t e s t  s iz e  d i f f e r e n c e s  in  th e  e x p e rim en ts . I t  i s  p o s s ib le  
th a t  sm a ll P i s a s te r  a re  p reyed  upon by L e p ta s te r i a s ,  as sm all A. v u lg a r is  
a re .
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L e p ta s te r ia s  i s  a b ro o d e r and would be l i k e l y  to  have a  g r e a te r  
se g re g a tio n  o f  lo c a l  demes b ecau se  o f r e s t r i c t e d  gene flo w . A r e l a t i v e l y  
f a s t  s e le c t iv e  re sp o n se  to  fa v o ra b le  l o c a l  c o n d i t io n s , such  as  a t  18 m 
a t  th e  I s l e s  o f  S h o a ls , would be p o s s ib le .  Menge (1974) h as  shown th a t  
II w ith  in c re a se d  ex p o su re , th e  fe c u n d ity  o f  L e p ta s t e r i a s  h e x a c t is  d e c re a se s .
g:
|;  The wave a c t io n  a t  8 m may be to o  g r e a t  f o r  L e p ta s t e r i a s  sp . to  e f f e c t iv e ly
rep ro d u ce , l im i t in g  i t  to  18 m o r  d e ep e r.
K; M igra tion
II The r e s u l t s  o f  th e  ta g g in g  ex p erim en ts  su g g e s t t h a t  movement i s
r e la te d  to  m e ta b o lic  r a t e  and fo ra g in g  a c t i v i t y .  T em perature d i r e c t l y
f '
E a f f e c t s  m e ta b o lic  r a t e  and a t  l e a s t  p a r t i a l l y  i s  r e s p o n s ib le  f o r  th e
I  slow r a te s  o b served  in  th e  c o ld e r  w a te r  a t  30 m. Movement a t  8 m was
I -
I very f a s t  and n o n - d i r e c t io n a l  and p ro b ab ly  r e p re s e n ts  fo ra g in g  b e h a v io r
I' in  th e  warm, shallow  a re a  w here th e re  a re  many p re y . At 18 m movement 
was r a p id ,  b u t most o f th e  a s te r o id s  l e f t  th e  a r e a ,  p o s s ib ly  because  
no p rey  were a v a i la b le  f o r  m ost o f th e  s iz e s  r e le a s e d .  F orag ing  
I a c t i v i t y  in  A. v u lg a r is  can be c o n s id e re d  k in e s i s  w ith  p re y  a v a i l a b i l i t y
i:' '
(■ as th e  n o n d ir e c t io n a l  s t im u lu s . In d iv id u a ls  more random ly, w ith in
'■g p h y s io lo g ic a l c o n s t r a in t s ,  u n t i l  food i s  found . P a in e  (1976) has found
l i t t l e  exchange betw een a d ja c e n t  i n t e r t i d a l  p o p u la tio n s  o f  P i s a s t e r , as 
t  a r e s u l t  o f  long term  ta g g in g  s tu d i e s .  I  s u sp e c t th e re  i s  some exchange
I between A. v u lg a r is  p o p u la tio n s  due to  th e  a p p a re n t random fo ra g in g
I.
I a c t i v i t y .  Based on o bserved  p rey  a v a i l a b i l i t y  one would ex p ec t la r g e
A. v u lg a r is  to  rem ain in  th e  t r a n s i t i o n  zone and s m a lle r  s iz e  c la s s e s  
to  accum ulate o r  rem ain in  th e  8 and 30 m com m unities.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
î119
P red a to rs
N o n -a s te ro id  p re d a to rs  p ro b ab ly  have a  m inim al e f f e c t  on 
A. v u lg a r is  » F ish  may have some e f f e c t  a t  30 m b ecause  o f t h e i r  h ig h  
m etab o lic  r a te s  and d e n s i t i e s .  Even i f  a s t e r o id s  a re  tak en  on ly  
#  in c id e n ta l ly  by f i s h  a t  30 m, th e re  i s  th e  p o t e n t i a l  f o r  a s ig n i f i c a n t
p  e f f e c t .  The low d e n s i t i e s  o f  A. v u lg a r is  a t  30 m, r e l a t i v e  to  8 m,
0  could be due to  f i s h  p re d a tio n  p re s s u re  b u t may a ls o  be due to  low
1 re c ru itm e n t, f o r  w hich no in fo rm a tio n  e x i s t s .
0
I' Dayton (1977) has su g g es te d  th a t  o f te n  th e  on ly  c o n tro ls  on
I" a s te ro id s  a re  o th e r  a s t e r o id s .  At th e  I s l e s  o f  S h o a ls , p re d a tio n
I from o th e r  a s te r o id s  i s  p ro b ab ly  n o t c o n t r o l l in g  A. v u lg a r i s  p o p u la t io n s ,
I 'Ë although  th e re  a re  p o te n t i a l  d i f f e r e n t  a s te r o id  p re d a to r s  a t  each
i:
I dep th . A s te r ia s  f o r b e s i . C ro s s a s te r  p ap p o su s , and S o la s te r  endeca
I
I'; a re  r e l a t i v e ly  r a r e  and e a t  a l t e r n a t i v e  p re y  m ost o f  th e  tim e .
I;- L e p ta s te r ia s  s p . , by p re y in g  upon th e  young o f  A. v u lg a r i s , i s  enhancing
k: i t s  own s u rv iv a l  in  th e  lo c a l  a r e a .  L e p ta s te r ia s  i s  p ro b ab ly  a  l a r v a l
fc f i l t e r ,  p re v e n tin g  A. v u lg a r is  re c ru itm e n t in to  th e  a r e a .
!'■ Menge (1979) s t a t e s  th a t  A. v u lg a r is  i s  a p re d a to r  o f  A. f o r b e s i ,
I
g the o p p o s ite  r e s u l t s  o f t h i s  s tu d y . I  have observ ed  can n ib a lism  of
I; A. v u lg a r is  and p re d a tio n  by A. f o r b e s i  on A. v u lg a r i s , b u t n e v e r th e
re v e rse  in t e r a c t io n .  In  th e  la b o ra to ry  th e re  i s  no q u e s t io n  o f th e  
r e s u l t s ;  th e  two s p e c ie s  w i l l  n o t c o e x is t ,  and e v e n tu a l ly  o n ly  A. fo r b e s i  
rem ains.
C annibalism  has f r e q u e n t ly  been ob serv ed  in  th e  f i e l d ,  a lth o u g h  
i t  o ccu rred  in  l e s s  th an  1% o f  th e  q u a n t i t a t iv e  feed in g  o b s e rv a tio n s . 
E ating  a  c o n s p e c if ic  i s  in t r ig u in g  from th e  p e r s p e c t iv e  o f  th e  p o p u la tio n . 
The energy i s  m a in ta in ed  in  th e  p o p u la t io n , and th e re  may n o t be a
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decrease in  fe c u n d ity  as a  r e s u l t  o f th e  la r g e r  s iz e  o f th e  consum er.
The a d u lts  o f  a  p o p u la tio n  may p rey  upon th e  young and a c t  as d e n s i ty -  
dependent c o n tro ls  on t h e i r  own p o p u la tio n s . Many s t a r f i s h  have been 
observed to  consume t h e i r  own s p e c ie s ,  and th e  r e s u l t a n t  energy 
t r a n s fe r s  a re  in t e r e s t i n g  to  c o n s id e r  (P a in e , 1965). P a r t i a l  escap es  
mean an in c re a se d  energy e x p e n d itu re  to  th e  p o p u la tio n  f o r  th e  re g e n e ra ­
tio n  o f an arm, o r  th e  lo s e r  may be chased  o u t o f  th e  p o p u la tio n  and 
i t s  c o n tr ib u tio n  to  fe c u n d ity  l o s t .  Dayton (1977) su g g e s ts  can n ib a lism  
may be b o th  a  f u n c t io n a l  and n u m erica l resp o n se  (see  R o ll in g , 1959) o f 





The observed  d if f e r e n c e s  in  p o p u la tio n  s t r u c tu r e  and feed in g  a t  
8 m and 30 m p ro b ab ly  r e f l e c t  th e  p ro d u c t iv i ty  o f  th e  two a r e a s .  A 
high prim ary  p ro d u c t iv i ty  a t  8 m su p p o rts  a h ig h  a s te r o id  b iom ass.
The 30 m a re a , where most energy  needs a re  im p o r ta n t, su p p o rts  low er 
a s te ro id  b iom ass. L e p ta s te r ia s  sp . as a co m p etito r f o r  food and 
p re d a to r  on sm all s iz e s  may l i m i t  A. v u lg a r is  to  a  low biom ass a t  
18 m. A. v u lg a r is  ap p ea rs  to  be r e f l e c t in g  in  i t s  p o p u la tio n  s t r u c tu r e  
and feed in g  b io lo g y  a dynamic e q u ilib r iu m  in  resp o n se  to  community 
f a c to r s ,  i n d ic a t iv e  o f th e  average  c a p a c ity  o f  th e  environm ent to  
support them. A. v u lg a r is  has lo c a l  p o te n t i a l  f o r  c o n tr o l l in g  p rey  
p o p u la tio n s  and s t r u c tu r in g  com m unities. F req u e n tly  many in d iv id u a ls  
move in to  sh a llo w  M ytilus e d u l is  beds and decim ate them. The a b i l i t y  
o f p re d a to rs  to  c o n tro l  p re y  has been shown c o n c lu s iv e ly  by E lto n  (1977), 
MacArthur (1955), and P a in e  (1966). L arger in d iv id u a ls  which have th e  
fu n c tio n a l a b i l i t y  to  sw itch  p rey  may s p e c ia l iz e  on a p r e fe r r e d  p rey
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when a v a i la b le ,  and l a t e r  sw itch  back to  a  g e n e r a l i s t  l i f e  s t y l e .  In  
th is  manner they  cou ld  lo c a l ly  c o n tro l  p r e f e r r e d  p rey  p o p u la tio n s .
Since th e  s iz e s  o f  p re fe r r e d  p rey  th a t  can be e a te n  a re  o n ly  found in  
abundance in  shallow  com m unities, A. v u lg a r is  may n o t be a b le  to  
c o n tro l p rey  in  deeper a r e a s .
The food web diagram  (F ig u re  V-1) summarizes many o f th e  p re d a to r -  
prey in te r a c t io n s  r e l a t i v e  to  A. v u lg a r is  in  th e  th re e  com m unities.
The observed  r e la t io n s h ip s  a re  h ig h ly  o v e rlap p in g  and in te rc o n n e c te d , 
r e f le c t in g  th e  r e s i l i e n t  n a tu re  o f  th e  subcomponents o f  th e  com m unities. 
S p e c if ic  feed in g  r e la t io n s h ip s  a re  u s u a lly  due to  s i z e - r e l a t e d  l i m i t a ­
t io n s ,  r a th e r  than  b e h a v io ra l s p e c ia l i z a t io n s .  R e la tiv e  to  p u b lish e d  
r e s u l ts  f o r  s im i la r  com m unities, th e  observed  t ro p h ic  s t r u c tu r e  i s  
sim ple and the  s p e c ie s  a re  h ig h ly  f l e x i b l e .  The h ig h ly  o v e rlap p in g  
n a tu re  o f  th e  p re d a to r -p re y  in te r a c t io n s  i s  th e  p r e d ic ta b le  e v o lu tio n a ry  
consequence o f a  p h y s ic a l ly  demanding and u n p re d ic ta b le  env ironm ent.
The most im p o rtan t c o n tr o l l in g  aspecis o f A. v u lg a r is  p o p u la tio n s  
appear to  be p rey  a v a i l a b i l i t y  to  th e  v a rio u s  s iz e  c l a s s e s ,  d i s t u r ­
bance as i t  l im i t s  fo rag in g  tim e , and tem p era tu re  and i t s  e f f e c t  on 
m etabo lic  a c t i v i t y .
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F ig u re  .V-1 Schem atic  r e p r e s e n ta t io n  o f  th e  m ajor food web 
in te r r e l a t i o n s h ip s  a s  th e y  p e r ta in  to  A s te r ia s  
v u lg a r is  in  th e  th r e e  com m unities a t  th e  I s l e s  
S h o a ls , N.H.
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VAPPENDIX A
ABUNDANCE OF ASTERIAS VULGARIS AND lEPTASTERIAS SP. 
FROM 25 QUADRATS AT 8M, 18M AND 30M. DATA 
POINTS ARE MEAN VALUES WITH STANDARD ERROR BARS.
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APPENDIX A .2jm^ quadrat abundance for October, 1976.
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APPENDIX A (Cont.) .2jm^ q.uadza,t abundance for August, 1977•
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APPENDIX A (Cont.) .25ni2 quadrat abundance for M&y, 1978.
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APPENDIX B
SIZE STRUCTUEE OP ASTERIAS VULGARIS AND LSPTASTERIAS 
SP. FROM .25m2 q u a d ra ts  AT 8M, 18M AND 3OM. DATA 
POINTS ARE MEAN VALUES WITH STANDARD DEVIATION BARS.
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APPENDIX B (C o n t.)  .2jm^ q u a d ra t s iz e  s t r u c tu r e  f o r  November, 1976.
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APPENDIX B (Cont.) .25^  quadrat size structure for April, 1977.
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APPENDIX B (Cont.) .2^m^ quadrat size structure for January, 1979.
I
































CWO] 3 Z I S
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
II
APPENDIX G 
ABUNDANCE OF ASTERIAS VULGARIS FROM lOM  ^
TRANSECTS AT 8M, 18M AND 3OM. DATA POINTS 
ARE MEAN VALUES WITH STANDARD DEVIATION BARS.




APPENDIX G lOm^ transect abundance for December, 1977•
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APPENDIX G (Cont.) lOm^ transect abundance for June, 1978.
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APPENDIX G (Gont.) lOm^ transect abundance for January, 1979.
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APPENDIX D
SIZE STRUCTURE OF ASTERIAS VULGARIS FROM lOM^ 
TRANSECTS AT 8M, 18M AND ]0M. DATA POINTS 
ARE MEAN VALUES WITH STANDARD DEVIATION BARS.
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APPENDIX D (Cont.) lOm^ transect size structure for January, 1979.
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APPENDIX E
ABUNDANCE AND SIZE STRUCTURE OF ASTERIAS VULGARIS 
FROM .25m2 quadrats AT GOSPORT HARBOR AND MAIAGA GUT, 
THE ISLES OF SHOAIS, N .H ., AND NUBBLE LIGHT, YORK, ME. 
DATA POINTS ARE MEAN VALUES WITH STANDARD DEVIATION BARS.
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APPENDIX E Abundance of Asterias vulgaris at 8m and l8m at 
Gosport Harbor, the Isles of Shoals.
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APPENDIX E (Cont.) Size structure of Asterias vulgaris at 8m and
18m at Gosport Harbor, the Isles of Shoals.
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APPENDIX E (C o n t.)  Abundance o f  A s te r ia s  v u lg a r is  a t  8m, l 8m and
30m a t  Ifelaga G ut, th e  I s l e s  o f  S h o a ls .
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APPENDIX E (Cont.) Size structure of Asterias vulgaris at 8m, iSm
I
and 30m a t  Ifelaga G ut, th e  I s l e s o f  S h o a ls .
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APPENDIX E (C o n t.)  Abundance o f  A s te r ia s  v u lg a r i s  a t  8m and 18m
a t  Nubble l i g h t ,  York, Me.
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APPENDIX E (Cont.) Size structure of Asterias vulgaris at 8m and
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I APPENDIX F
COMPARISON OF BIOMASS ESTIMATES OF ^  VULGARIS 
FROM THIS STUDY AND FROM MENGE (1979)
I
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APPENDIX F Comparison o f  biom ass e s tim a te s  o f  ^  v u lg a r i s  
from  t h i s  s tu d y  and from  Menge (1979).
Based on th e  d a ta  o f  t h i s  s tu d y , a  r e g re s s io n  fo rm u la  o f  
lo g . w eight = -  1 + 2 .7 4  Log Length was o b ta in e d  to  e s tim a te  
biomass o f  A. v u l g a r i s . The re g re s s io n  fo rm ula  o f  Menge (1979)* 
o f Ln. w eight = 1T66 + 2 .0  Ln arm le n g th  was a ls o  used  to  
o b ta in  biom ass e s tim a te s  f o r  ^  v u lg a r i s . The r e s u l t s  o b ta in e d  
by Menge's fo rm ula  a r e  an  o rd e r  o f  m agnitude to o  h ig h  f o r  t h i s  
s p e c ie s .
A. Biomass e s t im a te s  based on th e  r e s u l t s  o f  t h i s  s tu d y , f o r  
observed  s iz e s  and abundance o f  ^  v u lg a r i s  a t  th e  r e s e a rc h  





Depth X S iz e X Abundance Biomass e s t . P r2
8m 2.01  cm 9.93/.25m Z 6 .7 7 0 9  g/.25m 2 .001 9 3 .8
I8m .5 9  cm 29 .3 3 /.2 3 m f .6894  g/.25m ^
30m 1.0 4  cm 8.33/.25m 2 .9250  g/.25m 2
B. Biomass e s tim a te s  based  on th e  fo rm ula  o f  Menge f o r  th e  
same s iz e s  and abundance o f  A. v u lg a r i s .
Depth X S iz e X Abundance Biomass e s t . p R^
8m 2.01  cm 9.95/.25m 2 212.18  g / . 25m2 .001 n o t
18m .5 9  cm 29.33/.25m ^ 5 3 .6 2  g/.25m 2 g iv en
30m 1.0 4  cm 8.33/.25m 2 4 7 .3 1  g/.25m 2
C. A c tu a l b lo t te d  wet w eigh ts from  s e le c te d  sam ples
Depth X S iz e X Abundance Biomass
8m 2.02  cm 
1 .9 0  cm
9 . 2 / .  2 5 4
3 . 6 / . 25m
1 .4 9  g/.25mZ 
3 .0 2  g/.25m ^




.88 g/.25m 2 
3 .2 0  g / . 25m2
30m .50  cm 




1.20  g/.25m 2
* There i s some q u e s tio n  o f  th e  measurement used by Menge. His
s t a t e s  t h a t  a l l  measurements were from  th e  m ad rep o rite  to  th e  
o p p o s ite  arm; th e  l a t t e r  i s  a  n e a r  m easure to  t h a t  used  in  
t h i s  s tu d y .
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MULTIPLE REGRESSION ANALYSIS WITH INTERACTION TERMS
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2 2 APPENDIX G The .25m abundance d a ta  and th e  .25 m s iz e  d a ta  were a ls o
(see Tables IV-7 and IV -8) an a ly zed  w ith  a  m u lt ip le  r e g re s s io n  model
f which in c luded  i n t e r a c t i v e  te rm s. The a n a ly se s  p re se n te d  h e re  (Appendix
g
G) are  id e n t i c a l  to  th e  a n a ly se s  o f  T ab les IV -7, and IV-8 w ith  th e  a d d i t io n
of in te r a c t iv e  v a r i a b le s .  Independen t v a r ia b le s  can i n t e r a c t  to  a f f e c t  
a dependent v a r ia b le  and o f te n  th e  i n t e r a c t i v e  e f f e c t s  overwhelm th e  t o t a l  
reg ression  m odel. The r e s u l t  o f  la r g e  in te r a c t io n s  may be to  mask o r 
decrease th e  s ig n i f ic a n c e  o f  th e  r e la t io n s h ip s  betw een . th e  prim e in d e ­
pendent v a r ia b le s .
In  th i s  s tu d y  th e  r e s u l t s  o f th e  r e g re s s io n  a n a ly s is  w ith  and w ith o u t
the in te r a c t iv e  term s a re  e s s e n t i a l l y  th e  same. The in t e r a c t iv e  v a r ia b le s
do not add to  th e  p r e d ic t iv e  v a lu e  o f th e  r e s u l t a n t  re g re s s io n  eq u a tio n  
2
since th e  r  v a lu e s  a re  s im i la r .
N o n - In te ra c tiv e  Model I n te r a c t iv e  Model
.25m^ abundance r^  = .350 r^  = .359
.25m^ s iz e  r^  = .692 r^  = .700
The r e s u l ta n t  T -v a lu e s  f o r  th e  com parisons betw een v a r ia b le s  change
s lig h tly  when th e  i n t e r a c t iv e  v a r ia b le s  a re  added to  th e  m odel, b u t th e
changes a re  sm all and can e a s i l y  be e x p la in ed  b io lo g ic a l ly  as  th e  
re su lts  o f w in te r  te m p e ra tu re s  on p o p u la tio n  abundance and s iz e  (se e  a ls o  
Table IV -11).
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appendix g ( c o n t . ) ;  M u ltip le  r e g re s s io n  a n a ly s is  o f .25m q u a d ra t
I
M o d e l :  
R e s u l t s  !
V ariable
abundance o f d a ta  w ith  i n t e r a c t io n  v a r ia b le s .
Y = 8q + 3^x^ + GgX? + G3X3 + 813X1X3 + 623*2X3 G
Log Y + 1 = .908 -  .0353X^ + .444 X  ^ -  .0441 X  ^ + .203 X-X_
+ .40 XgX.
C o e f f ic ie n t STD. DEV. o f Coef. T-RATIO (c o e f . /S .D .)
Y .908 .111
*1 - .0 3 5 .119 - .3 0  NS
*2 .444 .128 3.47***
*3 - .0 4 4 .122 - .3 6  NS
*1*3 .203 .138 1.48  NS
*2*3 .140 .152 .92 NS
ANOVA Table
Source d . f . 85 MS = S S /d .f . F R^
Regression 5 8.0162 1.6032 23.58*** 35.9%
Residual 165 14.3174 .0868
Total 167 22.3335
*** = P < .001 ; NS = n o t s ig n i f i c a n t
a  Log (Y + 1) tra n s fo rm a tio n  was used f o r  a l l  d a ta  to  e lim in a te  
h e te ro s c e d a s t ic i ty  o f  th e  v a r ia n c e s  and th e  r e s id u a ls  w ere p lo t te d  to  
g rap h ica lly  check conform ance to  t h i s  assum ption  o f th e  t e s t s .
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appendix g ( c o n t . ) î  M u ltip le  r e g re s s io n  a n a ly s is  o f  .25m q u a d ra t
s i z e  d a ta  w ith  in t e r a c t io n  v a r i a b le s .^
Model: Y = 3q + + 62X2 + ^3X3 + 
R esults: Log Y + 1 = .270 + .203X^ - .
813X1X3 + 323X2%




Variable C o e f f ic ie n t  STD. DEV. o f Coef. T-RATIO ( c o e f . /S .D .)
Y .270 .0298
"1 .203 .0324 6.25***
"2 - .0 5 0 .0340 -1 .4 8  NS
S .036 .0327 1 .10  NS
% - .0 4 0 .0372 -1 .0 7  NS
% - .0 8 0 .0404 -1 .9 8 *
ANOVA Table
Source d . f .  SS MS = S S /d .f . F
Regression 5 2.28787 .45751 73.68*** 70.0%
Residual 158 .98098 .00621
Total 163 3.26885
*** = P < .001 ; NS = n o t s ig n i f i c a n t
^a Log (Y + 1) tra n s fo rm a tio n  was used fo r  a l l  d a ta  to e lim in a te
P.
h e te r o s c e d a s t ic i ty  o f  th e  v a r ia n c e s  and th e  r e s id u a ls  were p lo t te d  to  
g rap h ica lly  check  conform ance to  t h i s  assum ption  o f  th e  t e s t s .
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